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1.0 SUMMARY

Preliminary designs were developed for four generically different V/STOL
airplane concepts. Two of the airplanes used 1ift/cruise fans and were
designed to satisfy high altitude, subsonic Anti-Submarine Warfare (ASW)
mission reguirements. The other two airplanes used different jet 1ift and
lift/cruise propulsion concepts and were designed for supersonic, Deck
Launched Intercept (DLI) mission requirements. The sensitivities of each
airplane to provisions for flying qualities were evaluated and were related to
selected flying qualities characteristics.

The study outlines a procedure or methodology that can be followed in
future studies for assessing design sensitivity to flying qualities. The
assessment procedure can be relatively simple in hover and cruise flight
regimes, but may require extensive analysis in forward flight and transition
flight regimes. Generally design sensitivities were found to be configuration
specific, since takeoff gross weight sensitivity to thrust margin and
propulsion control provisions can vary among different types of propulsion -~
systems. Mission sensitivities were less variant between airplanes designed
for similar missions. Design sensitivities to hover control power were by far
the most significant to V/STOL design, and support a high priority need for
satisfactory VIOL control power criteria.
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2.0 INTRODUCTION

2.1 Background

The general purpose of this study was to investigate the sensitivity of
V/STOL airplane design to flying qualities requirements. A need for such a
study had been identified by the V/STOL Technology Assessment Committee (VTAC)
in reference 1. VTAC recommended that this study focus on the "sensitivities
of V/STOL aircraft design to... stability and control parameters" and follow
an approach similar to that of Sattler and Sherrieb in reference 4. Sattler
and Sherrieb evaluated design sensitivities of nine airplanes to thirty-four
technology topics, but only three topics were related to stability and control
parameters.

A key purpose of this study was to support the continuing development of
flying qualities criteria. The VTAC report cited a "dire need of sensible
V/STOL flying qualities design guidance." Two recent studies (references 5,
6, and 7; and 15) also resulting from VTAC recommendations have provided
significant contributions to developing better criteria for Navy V/STOL
requirements. Further efforts will undoubtedly continue to expand and improve
from these results. Relative to sensible design guidance, new criteria should
avoid arbitrary forms, interpretations, or types that may unnecessarily
penalize a design concept. To this end, consideration of design sensitivity
should support continuing criteria development and result in better guidance
for future designs.

2.2 General Objective
The objective -of this study was to evaluate four generically different

V/STOL airplane concepts to determine the sensitivity of each airplane design
to flying qualities requirements.
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2.3 General Approach

A flow chart outlining the study approach is presented in figure 1.
Initial activity involved the selection of airplane concepts, design missions,
and sizing criteria. Four airplanes, two subsonic and two supersonic, were
selected to include a range of potential aerodynamic and propulsion system
concepts, Typical requirements and performance constraints were selected for
a subsonic, high altitude ASW mission and a supersonic, DLI mission.

SELECT PERFORMANCE :;"s“ , ::Ox.g:n ,
ATRPLANE SENSITIVITY
CONCEPT "~ | ANALYSIS 3(TOGW
3(N0D’
SELECT POINT DESIGN pESICN
MISSION Y ARALYSIS SENS(TIVITY >
2(1062)
I(PCP
3 (TOGW)
3(RCP)
SELECT DETAILED FLYING
SIZING SIMULATION QUALITIES
CRITERIA MODELS ANALYSIS ez
3(RCP
3(¥0b N
Y]
ETC.
FLYING
QUALITIES
REQUIREMENTS

Figure 1., Study Flow Chart
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Airplane point designs were developed to meet the design mission
requirements and performance criteria. Following definition of the point
designs the study took two paths. One path developed design and performance
sensitivities of TOGW and mission parameters to variations in design
parameters. The other path developed the sensitivity of design parameters to
flying qualities parameters and criteria. The final step was to combine the
two sets of sensitivity relations to obtain design sensitivity to flying
qualities.

The design and performance sensitivity path generated the sensitivity of
each design to thrust-to-weight margin, propulsion control provisions for
attitude control, and selected configuration changes. These sensitivities
were defined in two forms. The first is design sensitivity, which provides
several point design aircraft of different takeoff gross weights (TOGW) all of
which meet mission and sizing criteria. The second is mission sensitivity.
For mission sensitivity, the point design is fixed and the effect of design
changes on mission performance evaluated.

The flying qualities path required the development of detailed simulation
models for each airplane and involved evaluation of the sensitivity of
stability and control parameters to design variations. In the flow chart
(figure 1}, flying qualities requirements are shown as inputs to the
analysis. This represents both the selection of criteria for analysis and the
evaluation of criteria sensitivity; i.e. the impact of changing the criteria
themselves. 7

The final sensitivity results were obtained by combining the design and
performance sensitivities and the flying qualities sensitivities. For
example, the sensitivity of TOGW with respect to (w.r.t.) pitch control power
required was obtained from the sensitivity of TOGW w.r.t. bleed requirements
and the sensitivity of bieed requirements w.r.t. control power requirements.

t
b
4
Mnatianny;
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2.4 Organization of This Report

The remainder of this report is arranged as follows. Section 3 presents a
summary of the four airplane designs and defines the ground rules used for
their selection. Design missions and design guidelines are also defined.

Section 4 summarizes the flying qualities evaluation. This includes
selection of flying qualities criteria that are related to design definition
and mission performance. Key flying qualities characteristics of the four
airplanes are presented for the hover and low speed, forward flight, and low
speed conventional flight regimes.

The basic sensitivity relationships are introduced in Section 5. Design
and performance sensitivity results are summarized and compared for the study
airplanes. Design sensitivity to interpretations of hover and low speed

criteria are also presented as well as mission sensitivity to flying qualities
parameters.

Results and conclusions comprise Section 6. Section 7 presents
recommendations based on this work.

Four appendices are included in the report. Appendix A contains a summary
of the synthesis and selection of the baseline point designs. Appendix B is a
compendium of aerodynamic and flying qualities data for the four airplanes.
Two key computer routines used in the study are described in the remaining

appendices. Appendix C contains a description of the Aircraft Synthesis and
Analysis Program (ASAP) used for design synthesis and evaluation of design and
performance sensitivities. The OLSIM program used in the flying qualities
analysis is described in Appendix D.
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3.0 AIRPLANE DESIGN SUMMARY

A desired goal in selection of V/STOL airplane concepts for this study was
to span a wide range of propulsion concepts and configuration features for
Groundrules set by the NADC technical
monitor eliminated consideration of Vertical Attitude Take Off and Landing
(VATOL) concepts, helicopters, tilt propellers, and deflected slipstream
concepts. These groundrules also limited airplane selection to concepts with
near-term development potential.

both subsonic and supersonic designs.

these groundrules were
o Tandem Fan

e Tilt Nacelle, Tandem Wing
o Jet Lift plus Lift/Cruise
o Remote Augmented Lift System (RALS)

Aerodynamic configuration and propulsion system concepts of these airplanes
are summarized in Table 1. General arrangement sketches for each airplane are

shown in Figures 2 through 5.

Table 3.

3.1 Design Missions

The Tandem Fan and Tilt Nacelle airplanes were designed for a subsonic,

Propulsion control functions for V/STOL
operation are summarized in Table 2 and aerodynamic controls are defined in

The four airplane concepts selected within -

high altitude ASW mission defined in the Type A RFQ/I (reference 9). The Lift
plus Lift/Cruise and the RALS airplanes were designed for a supersonic DLI
mission defined in the Sea Based Air Studies (reference 13).

Classified

details of these missions and related performance requirements are not

included in this report,
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3.2 Design Synthesis

Synthesis of the four airplane designs was accomplished with the aid of
Vought's Aircraft Synthesis and Analysis Program (ASAP). In addition to
satisfying the selected missions and related performance requirements, single
axis attitude control powers of approximately 1.5, 1.0, and 0.5 rad/sec2
were provided in the roll, pitch, and yaw axes, respectively, These control
power levels were selected simply as a representative point of departure for
subsequent sensitivity analysis. Each baseline design was defined with a
vertical takeoff thrust-to-weight ratio (T/W) of 1.05 with no special
provisions for operation with an engine failed. The single exception was
vertical takeoff T/W for the RALS airplane, where control power requirements
dictated a T/W of 1.14,

Key geometrical data and mass properties of the baseline design selections
are summarized in Table 4. More detailed discussion of the synthesis of each
design selection is given in Appendix A.

TABLE 1
SUMMARY OF AERODYNAMIC AND PROPULSION SYSTEM CONCEPTS

Y

AIRPLANE AERODYNAMIC PROPULSION
CONCEPT CONCEPT

Tandem Fan Conventional wing-horizontal Medium disc loading,
tail, single vertical, sub- fans, 4-poster
sonic

Tilt Nacelle Tandem wing, single Medium disc loading,
vertical, subsonic fans, 2-poster

Lift + Lift/Cruise Conventional wing-horizontal High disc loading, jet
tail, twin verticals, 1ift plus lift/cruise
supersonic

RALS Delta-canard single High disc loading, re-
vertical, supersonic mote auxiliary 1ift

system
7

R ok AN 22,27 555 -~ v




NADC-77337-60

Figure 2. Tandem Fan General Arrangement
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Figure 3. Tilt Nacelle Airplane General Arrangement
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Figure 4. Lift + Lift/Cruise Airplane General Arrangement
10
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RALS Airplane General Arrangement

Figure 5.
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TABLE 3

AERODYNAMIC CONTROLS SUMMARY

AIRPLANE
Control Tandem Fan Tilt Nacelle L+ L/C RALS
Function
Pitch - A1l moving hori- Elevator A1l moving hori-| Elevons
zontal tail zontal tail
Roll Flaperons Flaperons Flaperons Flaperons
Yaw Rudder Rudder Rudder Rudder
TABLE 4
SUMMARY COMPARISON OF POINT DESIGN SELECTIONS
AIRPLANE TARDEM FAY TILT KACELLE L+ /€ RALS

TOGW, 1b + 40,954 43,607 42,163 46,904

WEIGHT EMPTY, 1b 25,556 26,868 24,560 27,913

WING AR 7 7 4 2.8

WING, AREA, ft7 450 3587219¢1) 3 426

WING LOADING (T0), 1b/ft 9 76(2) 12 10

TAKEOFF T/W 1.05 1.05 1.05 1.14(3)

FAN DIAM, fnches 45.7 66.0 - -

VIO THRUST SPLIT, % 48/52 - 60/40 81/59

NOTES: (1) FORWARD/AFT “WINGS"

(2) BASED ON TOTAL AREA OF BOTH WINGS
(3) ::gvagégt{ OF PITCH CONTROL REQUIRED 1.14 T/W; THEREFORE THE HIGHER T/W {1.14 VICE 1.05)

13
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4.0 FLYING QUALITIES EVALUATION

Stability and control characteristics of the four baseline airplanes were
estimated in flight regimes from hover to low speed cruise flight. These
basic characteristics included trim requirements, stability and control
derivatives, and modal characteristics which were evaluated with the aid of a
detailed simulation model of each airplane. Comparisons of these
characteristics between the four airplanes as well as comparisons to selected
criteria from MIL-F-83300 and MIL-F-8785B are summarized in this Section.
This summary was drawn from the more detailed definition of aerodynamic data }
and basic stability and control characteristics presented in Appendix B.

-

4.1 Flying Qualities Criteria

The flying qualities requirements of MIL-F-83300 and MIL-F-8785B were
screened to identify those requirements that could be related directly to

design selection and mission performance. The key requirements selected are
summarized in Table 5.

The hover and low speed requirements represent the key criteria in
MIL-F-83300 for provision of thrust and attitude control margins for trim and
dynamic response. These criteria are not necessarily sufficient for defining
total control power provisions, since they are stated in the form of control
margins. Other factors, such as the operational environment, may influence
total control power provisions. Recent flight simulation results from the
V/STOL Flight Control/Flying Qualities Study (reference 6) have indicated the
sensitivity of control power requirements to the type of flight control system
and the operational goal for landing operations from small ships (DD-963
class).

14
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In addition to the hover and low speed requirements, the longitudinal and
lateral-directional modal criteria (paragraphs 3.3.2 and 3.3.7) were selected
from the "Forward Flight" section of MIL-F-83300. These particular
requirements represent the primary criteria in this flight regime that could
be quantified. Only basic airplane modal characteristics were evaluated,
since these characteristics represent the point of departure for determining
the degree of control augmentation and the type of control system required.
Sensitivity of basic modal characteristics to airplane configuration changes
could be an important consideration if unaugmented characteristics were
desired to satisfy some minimum (Level 3) criteria.

TABLE 5
SELECTED FLYING QUALITIES CRITERIA

MIL-F-83300

3.2 Hover and Low Speed

3.2.1 Equilibrium Characteristics (3.2.1.1)

3.2.2 Dynamic Response Requirements

3.2.3.1 Control Power (Simultaneous Control Remaining)
3.2.5.1 Height Contro! Power

3.3 Forward Flight

3.3.2 Longitudinal Dynamic Response (Level 3)
3.3.7 Lateral - Directional Characteristics

MIL-F-87858
3.2 Longitudinal Flying Qualities
3.2.2.1 Short Period Response
3.3 Lateral - Directional Flying Qualities

3.3.1 Lateral Directional Mode Characteristics

15
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In the conventional airplane flight regime covered by MIL-F-87858,
criteria for longitudinal and lateral-directional modal characteristics were
again selected.

4.2 Flying Qualities £valuation Method

Simulation models representing aerodynamics, inlet ram effects, thrust
(exhaust) induced effects, and direct thrust contributions to forces and
moments were assembled for each airplane. Basic aerodynamic data estimated
from reference 11 were incorporated into the general V/STOL model of Clark
(reference 14) to provide continuous representation of aerodynamic
characteristics through angles of attack of +180° and sideslip of +90°.

Inlet ram forces and moments were estimated and resolved by means of a
generalized model given in reference 12. Thrust induced effects were included
in the longitudinal axes only, since methods for estimating lateral and
directional effects were not available.

The simulation models were then incorporated into Vought's OLSIM computer
routine (Appendix D) for evaluations of trim requirements, stability and
control derivatives, and basic modal dynamics. These evaluations included
hover station keeping in winds from various directions; level, climbing and
descending forward flight for different attitudes; and conventional, low speed
aerodynamic flight conditions. Lack of Mach number and aeroelastic effects in
the models precluded more extensive cruise flight evaluations.

4.3 Estimated Flying Qualities of Baseline Aircraft
A summary of key flying qualities characteristics of the four airplanes is
presented for the hover and low speed, forward flight, and cruise flight

regimes. Additional characteristics for each airplane are presented in
Appendix B.

16
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4.3.1 Hover and Low Speed Characteristics

Control power required to trim in a wind was evaluated for the four
airplanes. Figure 6 presents a summary of the hover in a 35 kt wind trim
analysis. A wind direction of 180 degrees is a headwind and a 90 degree wind
is directed into the port side of the airplane. Control power, required for
trimming, was a function of inlet ram forces and moments, thrust induced
effects, and to a lesser extent, aerodynamic forces and moments.

Pitch control powers for the Tandem Fan and Tilt Nacelle airplanes vary
primarily as functions of inlet ram moment and thrust induced effects. In
fact, inlet ram moments play a key role in all axes. The inlet ram moment for
the Tilt Nacelle airplane hovering in a headwind is a large positive value
requiring a negative pitch control for trim. The positive ram pitch moment is
due to the vertical displacement of the inlet when the nacelles are rotated 90
degrees plus an additional vertical arm component due to turning the capture
streamtube from horizontal to vertical. Two of the Tandem Fan's inlets are
located above the c.g. and all four are forward of the c.g. Tandem Fan pitch
trim control is also negative in a headwind and almost all attributable to
canceling out the ram moment. Pitch trim control power variation with wind
direction, for these airplanes, reflects the variation in ram moments.
Aircraft attitude in trim and the forward inlet location combine to produce a
negative ram contribution at 90 degrees crosswind for the Tandem Fan
airplane. This accounts for the large positive pitch control at this
condition.

Thrust induced moments and ram moments are the primary moments that must
be trimmed in the RALS and L*L/C airplanes also. The trim pitch control power
for these airplanes shows much less variation than the subsonic airplanes.
This occurs for two reasons: At a given thrust level the fan airplanes have
higher inlet mass flows than the supersonic airplanes. Additionally, the

17
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pitch inertia for the supersonic airplanes is nearly twice that of the
subsonic airplanes. Ram pitching moment contribution is smallest in the RALS
airplane. The RALS inlets are located forward of the c.g. but near the
vertical centerline of the airplane.

Ram and aerodynamic moments are the primary contributors to roll and yaw
trim control power requirements. The RALS airplane roll trim requirements are
almost totally aerodynamic while trim required for the other three airplanes

is a combination of aerodynamic and ram moments. In yaw, the tilt nacelle
airplane trim control power level is small because the aerodynamic moments are
lTow and the inlet ram contribution to yawing moment is also small. The
fuselage aerodynamic contribution to yawing moment is largest for the L+L/C
airplane and accounts for the difference in trim control power required at
large crosswind angles.

Modal characteristics and key stability derivatives from the hover in 35
knot wind analysis are presented in figures 7 and 8. Note the similarity in
modal characteristics (all modes are relatively low frequency) among the
airplanes in deference to large differences in individual stability
derivatives. This situation is typical of the unaugmented characteristics of
VTOL aircraft at these low speeds. As airspeed increases, the aircraft modal
characteristics become highly configuration specific (Appendix B).

The large differences in stability derivatives lead to observations
regarding the relative gust sensitivities of the airplanes. The input forces
and moments experienced by an airplane in a gust field are directly
proportional to its unaugmented u, v, and w derivatives. Using this guideline
and examining figure 8 reveals that with the exception of the Xu, Z,, and
Yv derivatives, the airplanes are relatively insensitive to gusts.

Virtually unrealizeable gust velocities on the order of 100 ft/sec are
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Yo" % "0 LONGITUDINAL
N ) Az A 4 A2
TANCEM FAN -.502 -.20N 135 & ,375) -.785 -.173
TILT NACELLE -.528 -8 .039 & 2735 -.701 -.030
L+L/C -.338 -.132 L1168 + 2573 -.663 -.047
RALS -.287 -. 1N .020 + .214j -.614 -.032
= 0 (]
D © 135° (457 PORT CROSSWIND)
3 A2 130 o ) A2
TANDEM FAN -.413 -.278 192 + 392 -.703 -.103
TILT NACELLE -.423 -.165 .063 + .254) -.678 -.0372
L+L/C -.305 -.100 O+ 2335 -.687 -.C910
RS -.282 -.903 .084 + 188 -, 572 -0
= 9a® {agn® "
Yryp = 99° (39° PORT CROSSWIND)
x‘ XZ AB. x4 X] Xz
TANDEM FAN -.298 -.193 L1056 2453 -.626 -.169
TILT NACELLE -.534 ~.070 228+ 439§ -.675 -.0567
L+L/C -.259 -.038 107 +.211 - 721 -.0926
RALS -.074 .085 -.046 + ,083) -.606 -.079
Figure 7. Hover in Wind Modal Characteristics Summary
yinp * 180° (HEADNIND)
AIRPLANE X Z, My Xy I, "
TANDEM FAN -0.0357 -0.00716 0.00257 -0.00218 -0.227 0.0114 -0.
TiLT NACELLE -0.0822 -0.0810 0.00115 0.00678 -0.202 0.00006 -0.
Lt +L/C -0.0256 -0.0117 0.00082 0.00297 -0.149 0.00109 -0
PALS -0.0380 -0.00317 0.00048 0.00151 -0.118 0.00193 -0
ynp * 135° (45° PORT CROSSHIND)
AIRPLAKE X Z, M X, [ "
TANDEM FAN -0.0387 0.0157 0.00273 -0.0216 -0.1727 0.0132 -0
TILT NACELLE -0.0761 -0,0456 0.00084 -0.00707 -0.150 -0.00052 -0.
L +L/C -0.0234 -0.00276 0.00C66 -0.002M -0.103 0.00065 -0
RALS -0.0338 0.00220 0.0032 -0.003235 -0.0856 0.00111 ) -0.
YNy ® 80° (90° PORT CROSSWIND)
ATRPLANE Xy Z, "y Xy Z, "
TANDEM FAN -0.0283 0.00070 0.00069 -C.00140 -0.0930 0.00765 -0
TILT NACELLE -0.0449 -0.00043 0.00411 0.00534 -0.0701 0.Co00% -0.
L+L/C -0.0192 -0.00060 0.02045 -0.00023 -0.0288 0.00C2) -0,
RALS -0.0128 -0.00044 -0.00002 -0.00044 -0.0442 0.00186 -0
Figure 8., Key Stability Derivatives Comparison -~ Hover in 35 Knot Wind
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required to produce relatively small (0.1 radlsec2 or 0.1 ft/secz)
accelerations of the aircraft. These results might be different if lateral
and directional thrust induced effects were included. For example, the
airplane of reference 5 had a much larger Ly than the airplanes in this
study and was shown to be dominated by thrust induced effects. Further
examination of the X , 7. and Y, derivatives leads to the following
statements regarding the relative low speed gust sensitivity of the four

i airplanes:

° The Tilt Nacelle airplane is two to three times more sensitive to
horizontal gusts than the other airplanes. (Xu observation)

: ° The Tilt Nacelle and Tandem Fan airplanes are at most twice as
; sensitive to lateral and vertical gusts than the other airplanes.

| (Z, and Y, observation)

4.3.2 Forward Flight Characteristics

Current forward flight criteria have little impact on airplane design;
but, it is possible that criteria changes could alter the significance of this
regime. Consequently, forward flight characteristics were evaluated to
demonstrate the implications of changes in current flying qualities criteria;
i.e. design sensitivity to changes in criteria. The analysis presented here
focuses on some of the ramifications of requiring bare airplane compliance
with level 3 flying qualities; in particular, the requirement that any
longitudinal divergence have a time to double amplitude equal to or greater
than 5 seconds. .

The attainment of acceptable (i.e. level 3) flying qualities is not always
possible. In fact this may be a severe requirement. Possible solution
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depends on the airplane aerodynamics, inlet ram forces, and propulsion induced
effects and attainment of a satisfactory blending of aerodynamic and
propulsion controls. Selected analyses for two of the airplanes are presented
below.

Figure 9 presents a pitch moment build up for the RALS airplane. Note
that the thrust control requirement is small. Thrust induced moment is
effectively cancelled by the aerodynamic moment. Inlet ram moment is small
because of the inlet location with respect to the c.q. The minimal use of
thrust control for trim is desirable because the full modulation range is
still available for stabilization and maneuvering.

Modal characteristics are presented in figure 10. This is a classical
root locus plot above the o axis. Roots plotted below the o axis actually
fall on the real axis but are plotted against airspeed. This facilitates the
tracking of roots along the real axis as airspeed varies. At low speeds the
airplane is stable and the height mode is uncoupled. As speed increases an
aperiodic divergence develops around 80 knots. By 120 knots, time to double
amplitude is less than five seconds.

A primary contributor to the aperiodic divergence is Mu, Figure 11
presents a build up of the derivative Mu for the RALS airplane. Note that
the derivative goes negative just prior to 80 knots and continues to larger
negative values. Controls blending between aerodynamic and propulsion
controls was previously mentioned. Figure 11 suggests this possibility. At
the higher airspeeds Mu is dominated by the aerodynamic contribution; in
particular the wing-body. One can envision shaping the canard load to
generate a more positive contribution to Mu. This would cancel the adverse
wing-body contribution. One problem that arises is whether the canard has
sufficient deflection remaining, before stall occurs, to overcome the
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wing-body effect. Additionally, as the aerodynamic moment gets smaller the
thrust control moment required grows larger. A particular canard scheduling
might conceivably result in a switching of the thrust control and aero moment
in figure 9. The ramification is obvious; aerodynamic and propulsion control
may conflict. Aerodynamic control (the canard) is used up to shape M, at
the same time increased propulsion control is required to offset the
additional aerodynamic input. The particular amount of biending required is
obviously a strong function of the airplane thrust induced and ram moments.
The aerodynamic and propulsion conflicts encountered in attempting to tailor
Mu lead to the conclusion that it was difficult to obtain satisfactory

(1evel 3) modal characteristics for the RALS airplane throughout the forward
flight regime.

FIXED AERO CONFIGURATION

60 p

_ - THRUST
-7 INDUCED
40 F" P -~
? 7 THRUST
HOMENT e ool
Q = : %0 0 100 - 140 160
~ TAS, KNOTS
-20F \ \
FT-L8
X 07> NG
-40r \
-0} . ToTAL
* (NLET RAM MOMENTS ARE NEGLIGIBLE AERO
-80%

Figure 9. RALS Airplane Pitching Moment Contributions
in Trimmed Leve} Flight
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ZERO ATTITUDE, LEVEL FLIGHT

THIRD MODE (u, w, 8

6 MODE, LOW SPEED

u-
TAS T.4'/h’

imaginary
4 J E
40 T
As | Real
8
KNOTS
120 +
/60 1 . APERIODIC
DIVERGENCE

Figure 10. RALS Airplane Variation of Longidutinal
Roots With Airspeed

The Tandem Fan airplane was more amenable to M, and modal tailoring as
indicated by figures 12 and 13. Figure 12 shows the effect of a series trim
schedule on the real component of the unstable root at a speed of 80 knots.
It is possible to attain a time to double amplitude of less than five
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Figure 11. RALS Airplane Component Contributions to Mu Derivative
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seconds. Also note that at 80 knots the thrust moment and horizontal tail
moment almost cancel. Attainment of level 3 flying qualities occurs by moving
the tail and thrust control in a favorable direction, i.e. both are unloaded.
Trim requirements are thus minimized leaving a larger control margin for
stabilization and maneuvering,

Horizontal tail series trim was also used to shape the modal

characteristics (through M ) at 140 knots, and these results are presented
in figure 13. The airplane can be stabilized with a tail incidence of -2

degrees. However the tail must be loaded to obtain stabilization and a thrust
moment developed to balance this tail load. At 80 knots the more desirable
root location was obtained by unloading the propulsion system but at 140 knots
the opposite was true.

A combination of series trim scheduling {vs. airspeed, thrust incidence
angle, etc.) and controls blending may produce acceptable flying qualities; in
this case acceptable was taken to be level 3 for the bare airframe. However,
one must consider whether forward loop gearing and shaping is worth the
effort. With a fly-by-wire flight control system on board it may be more
practical to stabilize the airplane via feedback control.

Summarizing; M, is a key derivative in establishing longitudinal modal
characteristics in the forward flight regime. Mu is sensitive to the
blending of aerodynamic and propulsion control for trim, and to configuration
specific ram and thrust induced effects. It should be pointed out that the
degree of modal variation attainable with M, is a strong function of the
value of M . Specific values of M, for which M, is most effective in
altering modal characteristics varies with airplane configuration. In
general, positive increases ir M_ reduce the effectiveness of M, and

increasing negative values of My enhance the effectiveness. In regards to
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Figure 12. Effect of Horizontal Tail Series Trim on Tandem Fan
M, Derivative and Modal Characteristics at 80 Knots
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severe requirement. The analysis involves looking at the complexity of
controls blending and the resulting possibility of conflicting requirements.
For example, at 140 knots the Tandem Fan required a significant thrust control
moment to offset the moment generated by the horizontal tail (which was
positioned to obtain desirable roots). At this speed it is desirable that
thrust control moment start to diminish. Ideally, by VCon the airplane
should be flying on aerodynamic control. It was also pointed out that a
potentially complex gearing and scheduling may be required. It may be simpler
l and less expensive to let the flight control system handle stabilization in

' the hypothesized criteria change, bare airframe compiiance to level 3 may be a

this case.
’ 4.3.3 Conventional Flight Characteristics

Analysis of conventional flight characteristics was limited to the low
speed cruise regime. Variation of horizontal and vertical tail sizes provided
the flying qualities interface with design and performance parameters. Tail
size variation normally has only a small effect on mission performance as
these results show. It should not be inferred that tails are normally sized
for this speed regime. In fact, Mach and flexibility effects are significant
contributors to tail sizing. These effects were not considered in this study.

Low speed longitudinal modal characteristics for the four airplanes are
presented in Table 6 for two horizontal tail (canard) sizes. These data were
obtained by varying tail (canard) area ten percent at a speed of 1.4

VsraLL. Unaugmented baseline aircraft characteristics are compared with
MIL~-F-87858 requirements in Figure 14, A1l baseline aircraft satisfy level 3.

Lateral-directional modal characteristics of the airplanes are presented
in Table 7 for two vertical tail areas. These data were obtained at a speed
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of 1.4 Verpa L by varying vertical tail area ten percent as in the

longitudinal example. Variation of tail area produces the expected results on

lateral-directional characteristics. Each of the unaugmented airplanes
satisfy level 3 MIL-F-8785B requirements.

TABLE 6
EFFECT OF TAIL SIZE ON LONGITUDINAL CHARACTERISTICS

Clean Configuration, V/Vg = 1.4, Fixed c.g., Combat Weight

AIRPLANE SHT TAS ~ SM ~ onsp  bsp
(SHT)o KNOTS T
TANDEM FAN 1.0 186 5.39 1.51 .665
1.1 186 7.82 1.75 .606
TILT NACELLE 1.0 192 7.55 1.95 .875
1.1 192 15.55 2.53 .730
L+ L/C 1.0 206 4.97 1.07 .496
1.1 206 6.76 1.23 .451
RALS 1.0 197 3.16 .939 .447
0.9 197 4.51 1.08 .373
TABLE 7
EFFECT OF VERTICAL TAIL SIZE ON LAT-DIR CHARACTERISTICS
Clean Configuration, V/Vg = 1.4, Fixed c.g., Combat Weight
ATRPLANE SVT TAS ~ wnp C[) SPIRAL
(SvT)o KNOTS ROOT
TANDEM FAN 1.0 186 1.84 .064 .0099
1.1 1.93 .072 .01150
TILT NACELLE 1.0 192 1.56 .0588 .0267
1.1 1.65 .0619 .0269
L+L/C 1.0 206 1.57 .0433 -.0138
1.1 1.68 .0582 -.0090
RALS 1.0 197 1.56 124 -.0257
1.1 1.68 132 -.023
30

N .. . .- .
T R L TR T b G Aeicid e _.AAA_,__JA__M_.A.,_&.H_MJ

nzla

.51
.51

.10
.40

.46
.54

[saN =) o o o0

.90
.81

(G20,

ROLL
ROQOT

-1.634
-1.626

-1.172
-1.174

-1.013
-1.002

- .758
- .730




- r————— e e 1

e ————

r—

NADC-77337-60
SYMBOL AIRPLANE
0] Tandem Fan
A Tilt Nacelle
a L + L/C
<o RALS

10.

Tad/sec

1.0

0.1

Level 1 M

PP PP T IFT 77TV

1.0 10. 100.

a/a ~ g's/rad

Figure 14, Short-Period Frequency Characteristics

for the Four V/STOL Airplanes
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5.0 SENSITIVITY TO FLYING QUALITIES

5.1 Basic Sensitivity Relations

Basic design and mission sensitivities were evaluated for each of the four

airplanes.
as follows:

The distinction between the two types of sensitivities is defined

L Design sensitivity reflects the difference in TOGW and size

parameters due to change in requirements or design constraint

parameters. Any design selection resulting from this sensitivity
relation will satisfy the given mission requirements. This
sensitivity was evaluated by the same parametric design procedure
used for baseline airplane selection (described in Appendix A).

() Mission sensitivity reflects the variation in mission performance

parameters due to modifications to a point design after its
selection. In this case the airpiane is frozen, except for the
specific modifications, and the resulting mission capability is a

fallout.
Table 8 indicates the basic sensitivity parameters evaluated for each
airplane.
TABLE 8
BASIC SENSITIVITY EVALUATION MATRIX
INDEPENDENT PARAMETER DEPENDENT PARAMETERS
TOGW MISSION PERFORMANCE

TAKEOFF T/W X X
PROPULSION CONTROL POWER X X
HORIZONTAL TAIL SIZE X
VERTICAL TAIL SIZE X
DEAD WEIGHT X

32

‘E*"""""""""""""'""‘--l-u------||

i

4
Y

R WY T ... G acee |




NADC-77337-60

Mission performance sensitivities for takeoff T/W, propulsion control
power, and dead weight were evaluated with appropriate changes in fuel
available. The fuel system weight was scaled to match the fuel available,
assuming adequate volume was available in the airplane for the case when fuel

is added. Structural weight was not increased for an overload due to added
fuel.

The effects of changes in tail size were evaluated by changing the fuel
load along with an appropriate structural weight change and a drag adjustment.

Linear sensitivity relations for small perturbations from the design point
are summarized in Table 9 for each airplane. Comparison of these relations
indicates the design sensitivities for TOGW and propulsion control provisions
are generally configuration specific with some significant variation between
different propulsion system concepts. However mission sensitivities are
generally less variant between the airplanes within a mission type.

The design sensitivities for the 1ift plus lift/cruise airplane are
significantly lower than the other airplanes for several reasons. As a result
of the nominal 60%/40% thrust split between the 1ift and 1ift/cruise engines
in the vertical mode, the lift/cruise engines were sized by mission
requirements and were larger than required for the vertical mode. Thus the
design sensitivity relations primarily reflect the effect of changing only the
1ift engines for T/W and control provisions rather than resizing the entire
propulsion system as would be required in the other lift/cruise concepts.
These effects are discussed in Appendix A, Section A.3 relative to the
selection of the baseline airplane.

Both design and mission sensitivity relations as a function of takeoff T/W
and propulsion control provisions were considered especially important in this
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study. These sensitivities were evaluated over large parametric ranges and
are presented in the form of carpet plots in following sections. These carpet
plots show the nonlinear effects of large parameter changes and generally
provide better insight into potential design tradeoffs.

5.2 Design Sensitivity to Flying Qualities

Design sensitivities to flying gqualities were evaluated in two ways.
First, the basic linear sensitivity relations from 5.1 were converted into
control power sensitivities which are convenient norms for comparing the four
airplanes at their baseline design points. However, large variations in
attitude control provisions and T/W variations can result in significant
nonlinearities which were apparent from the parametric carpet plots developed
for each airplane. The second method used to evaluate these large variations
was to compare the resulting TOGW for alternate point designs selected to
satisfy different control power criteria. Results of this second method
provide a better indication of the design sensitivity to total control
provisions and highlight the importance of satisfactory flying qualities

design criteria.
5.2.1 Propulsion Control Power Sensitivities

Control power sensitivity relations for propulsion control in vertical
mode operation are summarized in Table 10 for the four airplanes. These
relations combine the sensitivities in Table 9 with the specific control
effectiveness for each airplane. Thus they reflect differences in geometry
and moments of inertia, as well as differences in the sensitivity to control

provisions of each propulsion system.

The comparison shows the vertical landing condition is usually the more
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TABLE 10
PROPULSION CONTROL POWER SENSITIVITIES
PITCH CONTROL ROLL CONTROL

AIRPLANE TOGW SOURCE TOGW SOURCE TOGW

T/W pCP RCP

(1b/%) (1b/%) (1b/%)
TANDEM FAN 340 FAN 75 (VL) FAN 59 (VL)
THRUST 68 (VT0) THRUST 55 (VT0)
TILT NACELLE 500 BLEED 160 (VL) FAN 124 (VL)
120 (VvT0) THRUST 100 (VTO)
L+ L/C 75 BLEED 54 (VL) BLEED 12 (VL)
(LIFT ENG) 43 (VT0) (LIFT ENG) 16 (VT0)
RALS 360 RALS/ADEN 126 (VL) BLEED 30 (VL)
NOZZLE THRUSTS 95 (VT0) 36 (VT0)

NOTES: VL - Vertical landing weight; VT0 - Vertical takeoff weight. Control
power relations are based on unity control power, i.e. 100% CP = 1 rad/sec2.

sensitive loading for defining attitude control provisions. This occurs
because the propulsion control available is proportional to the nominal thrust
required, which is proportional to weight; but moments of inertia are not
proportional to weight, and the ratio of inertia to weight is usually higher
at landing weight. An exception is noted for roll control power sensitivities
for the two supersonic airplanes which carry fuel in their wings, resulting in
a different inertia variation with operating weight. However, the roll
moments of inertia for the supersonic airplanes are always much lower than the
two subsonic fan configurations, which results in the much lower control power
sensitivity relations for these airplanes. Other differences in the
sensitivity comparison can be explained by a combination of inertia, geometry,
and the particular propulsion system sensitivity.
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5.2.2 Total Control Power Sensitivities

A part of the parametric design process was to develop the parametric
relations for TOGW as a function of T/W and attitude control provisions.
These nonlinear parametric relations were developed for each airplane and will
be introduced subsequently in the form of carpet plots. It was not practical
to convert these relations into the desired form of T/W and control power
parameters, so another approach was necessary to illustrate the sensitivity of
each design to total control provisions. The chosen approach was to select
two levels of control power and compare the difference in TOGW between
airplanes satisfying the two levels. It was also desired that the levels
selected would represent a reasonable range between minimum and maximum
control power provisions indicated by currently available criteria. This
approach led to an arbitrary selection of control power levels based on two
methods of computing MIL-F-83300 requirements. Recent flight simulation test
results from reference 6 fall within the control power range selected and
provide some additional information pertinent to the continuing development of
reasonable V/STOL flying qualities criteria.

The key requirements in MIL-F-83300 for flight control power are defined
in paragraphs 3.2.5, 3.2.5.1, and 3.2.3.1 for the hover and low speed flight
regime. For moderate to high disk loading airplanes such as those in this
study, inherent vertical damping is relatively small and meeting the vertical
acceleration requirement of 3.2.5.1 requires a T/W of approximately 1.10.
Paragraph 3.2.5 requires that the vertical acceleration requirement be met
while the simultaneous attitude requirements of 3.2.3.1 are maintained in
reserve at the most critical wind direction for winds up to 35 knots.

The 3.2.3.1 MIL-F-83300 requirements are stated in terms of simultaneous
control power reserves. The usual method of evaluating the minimum attitude
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Figure 15. Comparison of Augmented and Unaugmented Attitude Response

control power for reserve is to neglect the flight control augmentation system
which results in the minimum control power required to achieve the specified
response in each axis. This method corresponds to saturated operation of the
flight control system in each axis and was used here to establish minimum
control power levels., Higher control power reserves would be required if a
high bandwidth control augmentation system were used and saturated operation
were not allowed. A comparison in Figure 15 shows 3.5 times more control
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power would be required with a 3 rad/sec bandwidth attitude stabilization
system. This was not considered a valid interpretation of MIL-F-83300, but
the method was chosen as an expedient means to set the upper level of control
power for purposes of the sensitivity analysis.

Review of the flight simulation test results from the V/STOL flight
control/flying qualities study of reference 6 provided some additional insight
to flight control power requirements. Table 6-5, page 94 in reference 6
summarizes control power usage statistics (rms values) for the final 100 feet
of approach and landing. Average control power statistics are summarized in
Figure 16 for all approaches tested at 35 knots wind-over-deck and aligned
with the approach path (i.e. ¥/ . = -30°%; refer to Figure 17 for approach
geometry). The computed fan thrust modulation required to produce the control
power statistics is also shown in Figure 16. The root sum of squares of the
separate axis thrust modulations compares closely with the total measured one
sigma thrust modulation of the aft fans. This result indicates the individual
axis control demands for thrust from the common effectors are orthogonal and
not simultaneous. (Note the consistency with pilot modeling theory where the
pilot time-shares between the separate control axes.} This is significant in
defining the total contrul power requirements for any airplane that uses a
common contro) effector or power source (e.g. bleed air) for more than one
axis.

The control power statistics in Figure 16 also provided an indication of
attitude control power required above trim. The statistical properties of the
simulation test data have not been analyzed, so there was some uncertainty in
estimating a maximum control power level from the available rms statistics.

As a result it was assumed that a range from 2.0 to 2.5 times the rms control
power levels would provide at least a reasonable indication of total
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requirements for attitude regulation. The resulting attitude control power
levels predicted in this manner are summarized in Figure 18 along with the
assumed minimum and extreme levels for satisfying MIL-F-83300 attitude control
reserves. This comparison shows the estimates from the test data fall between
the minimum and extreme levels based on attitude reserves. It is interesting
to note that an airplane could satisfy the minimum attitude reserve
requirements and not have enough control power to satisfy the levels indicated
from the flight simulation resuits.

Figures 19, 20, 21, and 22 present TOGW variation with control power

requirements for the study airplanes. Each plot highlights three points:
BASELINE, A, and B. Points labeled BASELINE correspond to the baseline point

TEST CONDITIONS: e BASELINE ATTITUDE FCS

® WOD = 35 KNOTS, 1//“00 -~ =300

AXIS 1 ¢ CP USED EQUIVALENT & T/T,%
PITCH .127 RAD/SEC2 2.08
ROLL .294 RAD/SECZ 6.26
Y AW .056 RAD/SEC? -~
HEAVE .0308 g 3.08

ADDITIVE TOTAL 11.42

ROOT SUM OF SQUARES 7.28

MEASURED TOTAL 7.33  (AVERAGE AFT FANS)

Figure 16, Control Power Statistics Summary from Recent Simulation
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Figure 17. Landing Approach Geometry
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i |
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A ~ NO AUGMENTATION OR SATURATED SYSTEM
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C - RECENT SIMULATION RESULTS @ 35 XNOTS W.C.D., bop = 30°

Note: For case C the Jower edge of the bar-top represents a 20 control
power level. The higher edge 1s 2.50.

Figure 18. Attitude Control Power Requirements in Hover/Low Speed
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Figure 22. RALS Airplane TOGW Variation With T/W and Bleed Air Flow
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design whose development is discussed in Appendix A. Airplanes designed to
meet the minimum level control power requirements are labeled A, and airplanes
which meet the higher level of requirements are labeled B. These airplanes,
labeled A and B, have attitude control power levels corresponding to those
similarly labeled in Figure 18. Note that three separate carpets are required
for the Tilt Nacelle airplane. Each carpet represents a different bleed level
requirement for pitch control.

The Tandem Fan and Tilt Nacelle carpets point out the severe design
penalties which are possible and highlight the necessity for selecting new
criteria wisely and not arbitrarily. Key factors in the large design
variations obtained for the subsonic airplanes were: (1) the simultaneous
control requirements for airplanes employing common effectors; and (2) the
attitude requirements defined assuming an unsaturated augmentation system.
Fans in the subsonic airplanes serve as common effectors; roll, pitch, and
height control in the tandem fan, and roll and height control in the tilt
nacelle. The upper level control power requirement (B) is obviously
unreasonable for these airplanes. Current state-of-the-art in VIGV modulation
capabilities limit thrust control to about +35%. The supersonic airplanes
show a much lower sensitivity to control power requirements because control in
each axis is obtained more or less independently of the other axes. Another
reason is that most of the penalty is paid in the initial sizing. Consider
the L + L/C airplane. The 1ift engines provide bieed for roll and pitch
control. Once the engines are installed for VIOL 1ift, the main penalty has
been paid. They are designed for high thrust to weight and are affected only
slightly to provide bleed. At most, only one part of the propulsion system
absorbs most of the growth if increased bleed were required. To get more
thrust out of the subsonic airplane's fans requires fan size to grow and this
impacts the size of the entire propulsion system.
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5.3 Mission Sensitivity to Flying Qualities

Mission performance parameters selected for the sensitivity analysis were
time on station (TOS) for the subsonic airplanes and radius of action (R/A)
for the supersonic airplanes. Comparison of mission sensitivities between
types (subsonic and supersonic) was therefore not possibie. Mission
performance sensitivities varied only slightly between airplanes of similar
type as shown in Table 9. The exception was radius of action with respect to
T/W for the supersonic airplanes. The L*L/C airplane differs from the RALS
for the same reasons previously discussed concerning differences in TOGW
sensitivity to T/W.

Tables 11 and 12 present mission sensitivity to short period frequency and
Dutch roll fregquency respectively. These results were obtained by combining
the basic airplane sensitivities of Table 9 with the tail size effects on
longitudinal and lateral-directional characteristics in Tables 6 and 7.

5.3.1 Mission Sensitivity to Short Period Frequency Criteria

The magnitude of the mission sensitivity does not vary significantly among
airplane types. The radius of action sensitivity to short period frequency
for the RALS airplane has a different sign from the L*+L/C sensitivity. This
change in sign is due to the RALS having a canard and the L+L/C a conventional
horizontal tail. Increasing canard area is destabilizing (area forward of
c.g.) while increasing horizontal tail area is stabilizing.

5.3.2 Mission Sensitivity to Dutch Roll Frequency Criteria

Mission sensitivity to Dutch roll frequency are also similar among types.
These results are probably less meaningful than those in section 5.3.1 since
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, Dutch roll frequency generally does not size vertical tails, especially at the
~ conditions examined here. !

5.4 Sensitivity Summary

Design sensitivities to T/W and propulsion control provisions are

generally configuration specific with some significant variation between
TABLE 11
L MISSION SENSITIVITY TO SHORT PERIOD FREQUENCY
k AIRPLANE Syro (Ungpdy 4T0S  AwA iy A 08 AR/A
HT HT Sy AWngy Awn“
H’ 1% radfsec  min/ft? nm/fe? md/aeclﬂt2 min/rad/sec nm/rad/sec
} TANDEM FAN 126 1.51 -0.075 - 0.0190 -3.95 -
TILT NACELLE 219 1.95 ~0.08 - 0.0265 -3.02 -
P L+ L/ 95.6 1.07 - -0.28 0.0167 - -16.8
| RALS 85.0 .94 - -0.32 -0.0183 - +17.5
S
o
B ' 49
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TABLE 12
MISSION SENSITIVITY TO DUTCH ROLL FREQUENCY

AIRPLANE (Syl, (wap)y 4T0S  4R/A dwy 4T0S  4RA
e radlsec2 a5yt 4Sy ANT 8wq, Bwq,

minmz nm/f rad/sec/ft2 min/rad/sec nm/rad/sec

TANDEM FAN 80 1.84 -0.14 - 0.0075 -9 -
TILT NACELLE %0 151 0,135 - 0.00989 -13.6 -
L+UC 95. 1 L51 - 0.23 0. 01157 - ~19.5
RALS 8 1.56 - 026 0. 01412 - -18.4

different propulsion system concepts. Mission sensitivities are generally
less variant between the airplanes within a mission type.

Results also show sensitivity to requirements or interpretation of
requirements has a significant impact on airplane size, especially for
airplanes employing common effectors for control. Recent simulation results
indicated that a straight summation of control power requirements for
simultaneous control may not be correct. More work along the lines of the
V/STOL flight control/flying qualities study is regquired to ensure realistic
VTOL control power criteria are developed.
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6.0 RESULTS AND CONCLUSIONS

Evaluation of airplane design sensitivity to flying qualities criteria was
a simple procedure after specific sensitivity factors were defined for:

. TOGW sensitivity to T/W and propulsion control power provisions

(] Mission sensitivity to design variation
These design and performance sensitivities were the starting point for the
flying qualities sensitivity study.

Thrust margin and control power provisions were the most important design
considerations. As expected, design sensitivities were configuration specific
since takeoff gross weight sensitivity to thrust margin and propulsion control
provisions vary for different types of propulsion systems. TOGW for the two
subsonic aircraft differed by only 6 percent, but the sensitivity to T/W and
roll control provisions for the Tilt Nacelle were 1.5 times those for the
Tandem Fan. Exponential increase of propulsion system weight with fan
diameter accounted for most of this sensitivity difference, because the fans
in the two-fan Tilt Nacelle aircraft were significantly larger than the fans
in the four-fan Tandem Fan aircraft. TOGW sensitivity to T/W for the RALS
aircraft was nearly five times that of the L+L/C aircraft. The L+L/C aircraft
had the lowest sensitivities to T/W and control provisions of all the study
aircraft. Engine location (fore/aft thrust split) and the fact that lift
engines are not used in cruise flight accounted for these Tow sensitivities
(Appendix A).

Mission sensitivities were less variant between aircraft designed for
similar missions. Like design sensitivities, the significant mission
sensitivities occurred for thrust margin and propulsion control provision
variations. Mission sensitivities to horizontal and vertical tail size and
empty weight variation were small. Comparison between aircraft designed for
different missions was not possible because different mission parametrics were
used (e.g. time on station vs. radius of action).
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Modal characteristics of the aircraft were similar at 35 knots despite
large differences in individual stability derivatives. At higher airspeed the
aircraft modal characteristics were highly configuration specific (Appendix
B). Low speed gust sensitivities were dominated by inlet ram forces. The
tilt nacelle aircraft was two to three times more sensitive to horizontal
gusts (X,) than the other aircraft. The Tilt Nacelle and Tandem Fan
aircraft were almost twice as sensitive to lateral and vertical gusts (YV

and Z respectively) than the supersonic aircraft.

The impact of simultaneous control power provisions for all control axes
was illustrated by showing the difference in design TOGW required to satisfy
two levels of control power. These levels represented a range of interest for
this study. (Individual axis control power usage in flight simulation tests
(ref. 6) were shown to fall within this range.) The most important result
shown by this approach was the severe penalty of simultaneous control
provisions on designs using a common effector for control in more than one
axis. This effect was more severe on the subsonic fan-powered airplanes than
on the supersonic airplanes. However, subsequent analysis of flight
simulation test data from reference 6 indicated that total control used by a
common effector was a root sum of squares of separate axis requirements rather
than a simple sum. This result would significantly reduce the penalty on the
subsonic aircraft. More importantly, the result illustrated the importance of
satisfactory control power criteria in evaluating different aircraft
configuration and control concepts.
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7.0 RECOMMENDATIONS

1. The design sensitivity procedures defined by this study should be
considered from two standpoints.

(1) Feasibility for evaluation of contractor designs

(2) Inhouse or contractor supported evaluation of sensitivity of new
or modified flying qulities criteria

2. Development of satisfacatory VIOL control power (and related) criteria
should be given high priority.
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9.0 SYMBOLS AND NOMENCLATURE

General form for stability derivatives (derivatives
includes mass or inertia);

C=X,Y, 272, L, M, N;

i=u, vV, w, p, g, r

Fractional amount of thrust for control modulation.
Tail incidence.

Horizontal and vertical tail area respectively.
Static margin.

Time to double amplitude.

Conversion speed

Stall speed.

Tail angle of attack.

Standard deviation; real component of root,
S = gtiw

Damping ratio.

Frequency; imaginary component of root,
5 = otiw

Natural frequency.

An eigenvalue

56




.

NADC-77337-60

Frequently Used Abbreviations

ASW Antisubmarine Warfare
cp Control Power
DL Deck Launched Intercept
FCS Flight Control System {
R/A Radius of Action ﬁ
RALS Remote Augmented Lift System |
T/W Thrust-to-Weight Ratio
TOGW Takeoff Gross Weight
TOS Time On Station
VATOL Vertical Attitude Takeoff and Landing
VIGY Variable Inlet Guide Vanes
VTAC VSTOL Technology Assessment Committee
|
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APPENDIX A
DESIGN SYNTHESIS SUMMARY

I
!
I
Four V/STOL airplane designs were developed for an analysis of design
' sensitivity to flying qualities. The particular airplane concepts represented
by these designs were selected to span a generic range of propulsion systems
' and configuration arrangements which appeared to have near-term development
potential. Two of the airplanes, a four-poster Tandem Fan and a two-poster
l Tilt Nacelle configuration, were designed for the high altitude ASW mission
defined in reference Al. The other two airplanes, a jet 1lift plus lift-cruise
' configuration and a RALS (Remote Auxiliary Lift System) configuration were |
designed for the supersonic DLI mission defined in reference A2. !
l
l

Synthesis of the four airplane designs and selections of final
baseline point designs were accomplished with the aid of Vought's ASAP
(Aircraft Synthesis and Analysis Program). This computer routine integrates
the aerodynamic, performance, weights, propulsion, and design analysis
procedures and is ideally suited for the parametric design development
required for this particular study. Parametric weight estimate procedures

assumed 1990 technology levels.

Primary technology advances assumed were:

Level II composite application
Reduced weight core engines
Advanced fan materials

Lighter advanced modular avionics
High pressure hydraulics

Advanced DC electrical system

© O O O © © o

Advanced air conditioning system

A-1
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Three additional factors in the design and weight estimates were:

0 MWeight penalties for reliability and maintainability were
included and are listed as line items in weight breakdowns.

o All compo§ite material applications involved inspectable
and/or replaceable assemblies (i.e., there are no buried
composites).

o Avionics weights were based on recent detailed estimates
derived in conjunction with study participants from the
avionics industry.

Weight and size characteristics of the final point selections are
summarized in Table A-1, and more detailed group weight breakdowns and inertia
characteristics are presented in Table A-2. Key design constraints and
parametric relationships involved in selection of each point design are
summarized in the following sections (A.1 through A.4).

A.l TANDEM FAN

Results of Vought's previous studies of the tandem fan airplane have
shown that TOGW (takeoff gross weight) is insensitive to wing area and aspect
ratio for the selected mission constraints, so the wing design was fixed in
this study at an aspect ratio of 7.0 and area of 450 ft2. In addition a fan
design pressure ratio of 1.5 was selected on the basis of previous
optimization studies. Then the remaining problem was sizing the airplane and
propulsion system to satisfy the takeoff T/W and control power requirements
assumed for initial point design selection. Thrust modulation of +27% was
estimated to meet the control requirements.

The tandem fan system mixes flow from the aft fan and the core engine
exhaust in the aft nozzle. A characteristic result of this mixed flow system

A-2
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is that the optimum match between core engine size relative to fan size will
vary with the level of thrust modulation provided. This characteristic is
illustrated in Figure A-1 in terms of vertical thrust available as a function
of the relative core size for various levels of thrust modulation available.
In the lower range of the relative core size factor (from 1.2 to 1.3), the
core engine power is not sufficient to drive the fans at their maximum speed.
As the relative core size is increased, a maximum thrust level results when
the core size is sufficient to obtain the maximum fan speed. When the core
size is increased beyond this break, maximum fan speed is maintained but the
core engine must be throttled below full power. This throttied operation of
the oversized core engine produces a lower thrust contribution from the core
exhaust stream and a reduction in total vertical thrust level results.

The effect of this optimum match between core engine size relative to
fan size is reflected in the parametric TOGW carpet in Figure A-2. The basic
carpet shows the variation of TOGW as a function of the Relative Core Size
(RCS) factor and an Engine Scale Factor (ESF) which scales the entire
propulsion system. The effect of the variation of vertical thrust availabie
with RCS (From Figure A-1) is superimposed. The resulting point design
airplane was selected on the :27% thrust modulation line at an RCS factor of
1.35 and had a TOGW of 40,950 pounds. (The point design was selected at an
RCS of 1.35 rather than the minimum TOGW of 40,750 pounds at an RCS of 1.33
for expediency in this study, since detailed propulsion system data were
available for the RCS factor of 1.35 in the parametric.)

A.2 TILT NACELLE BASELINE SYNTHESIS

The tandem wing configuration for the tiit nacelle airplane was
defined from previous work on this concept. Representative wing-tail sizes
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and aspect ratios were selected and fixed, since design for the subsonic ASW
mission is more sensitive to propulsion system requirements than wing size and
aspect ratio. Vertical mode propulsion control provisions estimated for this
airplane were *+21.5% thrust modulation of the two fans for heave and roll
control, and pitch reaction control from engine bleed equivalent to about 7%
T/W. Due to the magnitude of the pitch control requirement, the reaction
system was designed to always produce vertical thrust.

An extensive matrix of propulsion systems was developed to select the
best combination of fan pressure ratio and relative core size for this
design. The parametric design summary in Figure A-3 shows the baseline design
selection at a fan pressure ratio of 1.5 and a relative core size (RCS) factor
of 1.75. The reference for this RCS factor is consistent with that used in
the tandem fan system. In the tilt nacelle systems, an RCS factor of 1.4
represents the minimum size engine required to drive the fans at their maximum

operating speed.

Obviously (from Figure A-3) high engine bleed requirements drive this
system to a large core engine and high fan pressure ratios.

A.3 LIFT PLUS LIFT/CRUISE BASELINE SYNTHESIS

The geometrical arrangement of the 1ift plus 1ift/cruise (L + L/C)
airplane required a 60%/40% thrust split between the forward 1ift engines and
aft cruise engines for pitch balance in the vertical mode. This thrust split
and the fact that this concept does not use the 1ift engines in cruise
resulted in some design sensitivities that were significantly different from
other airplanes in the study. Reasons.for these different sensitivities are
explained in the following summary of the baseline design selection.

A-8
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Figure A-1. Tandem Fan VT0 Thrust Characteristics
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Figure A-2. Tandem Fan Sizing Parametric
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Figure A-3. parametric Design Summary for Tilt Nacelle Airplane
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A basic result of the thrust split is that the cruise engines must be
sized to meet the supersonic mission requirements. If the 1ift engines are
sized to use maximum intermediate thrust from the cruise engines in the
vertical mode, then the airplane has a very high T/W. An example of a point
design selection for this case is shown on Figure A-4. In this example the
minimum TOGW point design was selected to satisfy turn performance and
acceleration time constraints, resulting in a TOGW of 44,098 pounds and a wing
area of 388 ft2, This point design had a ceiling 1400 feet below the
desired ceiling constraint, which was assumed to be an acceptable compromise
to save about 3000 pounds TOGW. But the takeoff T/W of this airplane was
1.545 as a result of sizing the 1ift engines so that full thrust of the cruise
engines could be used in the vertical mode. The effect of reducing the size
of the 1ift engines relative to the cruise engines on TOGW is shown on Figure
A-5 for varying levels of bleed air extraction for reaction control. Consider-
ing the T/W and control power guidelines assumed for this study, the final
baseline design selection required 16% 1ift engine bleed for reaction control
with a T/W of 1.05 and had a TOGW of 42,163 pounds. In this case the usable
thrust from the cruise engine in the vertical mode would be limited to about
67% of maximum intermediate thrust in order to maintain static pitch balance.

A.4 RALS BASELINE SYNTHESIS

The RALS airplane concept provides VT0 roll control from a reaction
control system and pitch control by differential modulation of thrust from the
main fore and aft nozzles. The basic relation for bleed flow distribution
between the front RALS nozzles and reaction control is shown in Figure A-6.
Meeting the design guidelines for control provisions required an engine bieed
flow rate of 30 pounds/sec resulting in a 41%/59% VIO thrust split between the

fore and aft nozzles.
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l Provision of pitch control by fore and aft thrust modulation required
the equivalent of a 1.14 T/W ratio just for pitch control. (Note that Table
A-1 reflects selection of the higher takeoff T/W requirement for RALS). This

requirement and the combat maneuver capability requirement were the
constraining factors in sizing the baseline design as shown in Figure A-7.
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Figure A-6. RALS Distribution Between Forward and Aft Nozzles
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B.0 INTRODUCTION AND DATA PRESENTATION FORMAT

This Appendix summarizes power off aerodynamics, thrust-induced effects,
and trim data for the four study aircraft. Sections B.l through B.4 provide
data for the Tandem Fan, Tilt Nacelle, Lift plus Lift/Cruise (L + L/C), and
RALS airplanes in that order. Each section includes the following data:

1. Power off aerodynamics data in stability axes - Data plots are given
for €| vs a, Cp vs CL, and Cp vs C; for 0 < a < 30 deg at
appropriate tail, elevon, flap and&or elevator deflections; CYB’
Ci,, and Cp, vs a for 0 < a < 30 deg; C{, Cy and Cp vs a
fof - 180 959 < a < 180 deg; and Cy, C}, and Cy vs g for 0 deg <
B < 90 deg at o = 0 deg. These data were calculated by the generic
V/STOL aerodynamics model described in reference (B-a) which is based
on the model of reference (B-b). The coefficients for this model were
calculated by application of the digital DATCOM program (reference
(B-c)) to the study aircraft.

2. Thrust-induced effects data - Models for the effects of thrust on the
longitudinal aerodynamics are provided. Because of their highly con-
figuration specific nature and lack of appropriate data, lateral
directional thrust-induced effects were not included in the simulation
math models of the four aircraft.

3. Trim Summary - Three tables per aircraft summarize thirteen represen-
tative trim conditions chosen from the hover and low speed, forward
flight, and cruise flight regimes. ("Forward flight" encompasses air-
speeds from 35 kt to Vogy per MIL-F-83300 convention.) The first
table gives trim values for important aircraft state and control vari-
ables and longitudinal and lateral-directional modal characteristics.
The second and third tables provide longitudinal and Tateral direc-
tional dimensional body axis stability derivatives about the trim con-
ditions. Trim conditions represented by the table are:

0 Headwind and 45 and 90 degree crosswind conditions in a hover in a
35 kt wind at landing weight.

o 40, 80, and 120 kt conditions in level attitude (0 = 0 deg) level
forward flight (¥ = 0 deg). Both landing and takeoff weight condi-
tions are included.

0 120 and 160 kt conditions in level forward flight at 4 deqg attitude
at landing weight.

0 200 kt level cruise flight with flaps down at landing weight.

0 1.4 V5 level cruise flight with flaps up at flight design weight.

B-1
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Plots of cruise flight trim variables and modal characteristics and for-
ward flight trim variables are also included in the trim data summary. Accom-
panying each set of trim summary data is a series of notes which highlight
configuration specific aspects of the data.

Details of the control concept, geometry and mass properties for each air-
plane are provided in the main text and, unless required for clarification,
will not be repeated here.

B.1 Tandem Fan Airplane Data
B.1.1 Tandem Fan Power Off Aerodynamics Data

Figures B.l.1 through B.1.4 summarize the power off aerodynamics of the
Tandem Fan airplane. Horizontal tail incidence (iy) is varied to trim the
airplane in aerodynamic flight and is geared to fore-aft thrust balance in the
forward and hover flight regimes. The wing trailing edge flap (§7gf) is
deflected 30 deg to establish the flaps down configuration of the airplane.

B.1.2 Tandem Fan Thrust-Induced Effects

The Tandem Fan thrust-induced model is based on data in references (B-d)
and (B-e). The model calculations are as follows:

AL (AE.
(Tm Taer ¥ Urwo TFW‘D
(\bﬁ)
7

(. Cv:}1:#1'c~u + OS 1;~uv Trwo G

Al

A Toer

MMy =

Eowr = uo% y (V /V )wrm.-]
(ﬁe::\'-"_ = ‘?L 8o ) (V-/VS)AFJ
22) - 4] e, (WA

(‘f—:'c'.) = {"[&c& ) (\L/VQ,,,T]
()= L 6w, V% Vo)
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(VAo =/ 2 N ).
(\ﬁdﬁvg)arr "V EE&L%EEEEEHHSL
(A, =/ B e

where

aLT1, aDTy, and aMyy are the thrust-induced 1ift, drag and pitching
moment in the stability axis system. aly] and aDy have units of
1b; aMrp has units of ft 1b

ePWR 15 the thrust-induced downwash angle at the horizontal tail, deg

6NO0zZ is the average nozzle deflection, deg

TAFT is the sum of the two aft fan thrusts, 1b

TFWD is the sum of the two forward fan thrusts, 1b

g is dynamic pressure, 1b/ft2

reapp and repyp are the equivalent radii of the aft and forward
Eozzles, pgspectively, ft.

Ew is the wing mean aerodynamic chord, ft

(L/TAFT)s (AD/TAFT), (8M/TAFTE,)» (AL/TRyp), and epyp are
plotted on figure B.1.5 as functions of sygz and the appropriate

(V /V3).
B8.1.3 Tandem Fan Trim Summary
Tables B.1.1 through B.1.3 and figures B.1.6 and B.1.7 constitute the

Tandem Fan trim summary. The following notes clarify certain table entries
which are configuration specific:

B-3




NADC-77337-60

22°9 £€°6 €8°7 [ 4 £6°T- £0°0- v6°1 8ap ‘@duapToul [TEL
0°0 0°0 0°0 0°0 96° 8- 0zt~ 0°0 8sp ‘uor3daTIeQ ISNAYL MEB}L
0°0 0°0 0°0 0°0 SEG8- 7268~ 0°0 q1-33 °¢°sdg +doag
£q -1ddy jusuwol Wril TI0Y
6921¢- £€9202- S68YyT- GyLg- €168 €621 LeeL- q1-33 ¢°sfg rdoag
£q +1ddy juemol Wril yoITd
09°18 GZ°18 16°68 18°G8 Z1°16 v4°88 v€°98 8ap ‘uoTiveTIdq dTZZON
L666€ LLL8T SGSTY LSHTE LYL1E 5v2¢ 6TSTE qT ‘3Isnayl Te3I0]
0°0 0°0 0°0 D0 SE*LL- Y vy- 0°0 8ap ‘ar3uy dITs?aPIS
0°0 0°0 0°0 0°0 10°06- 11°8- 0°0 89p ‘yoe33v Jo 3713uy
0°0 0°0 0°0 0°0 69°Z1- 61°8- 0°0 8ap ‘aT8uv ueg
0°0 0°0 0°0 0°0 0°0 00 0°0 gop ‘o73uy yo314
0°08 0°08 0°0% 0°0% 0°s¢ 0°6¢E 0°SE 3 ‘peedsayy anig
SOIISINALIVIVHD WINL
I9M ZI0TAVI | "194 ANV |19M JJ0TAVI| °IOM °ANVI K400 RM0a
NMOQ SdV1d | NMOT SAVTA| 140 $dVId | NMOQ SdVId Savld Sav1d Haod JALINVE 4
11 08 I 08 11 o% IM 0% | aNIMSSOdD | QNINSSOdD Sav1d :0I1IAN0D
*1IV TAATT | "ILV 13ATT] LIV TIAFT| "1IV TIAAT 53a 06 *04d §Y ANINIVIH 1397114 ////////
IHOTTI QMd | IBOIT3 gid| IHOSTII aMd | IHOITE apd YIAOH JAMOH §3A0H

¥ 30 T ?8eq

suerdaly uej wdpue] JO SOTISTISIORIBY) TEPOK PUy WIIL

1°1°9 3198l

B-4




NADC-77337-60

N\ =

$ 40 oL3ed Bupduep pue
23s/pea Y j0 Adusnbauy |eanjeu YilM amu_ﬁxemu.;emnn 5 30 pales0] Jied 3004 X3 dwod SIIRILpUlL

s 7@ pajed0| 3004 ead sazediput (X)

_”s3ﬁ s h.aml “or c?m@ ¥

e+ et ot

B-5

(961°0-) (091°0-) (0€2°0-) (07°0-) (691°0-) (£0170-) (€L1°0-)
(680°1-) (LL1°1-) (L%6°0-) (556°0-) (929°0-) (€0L°0-) (58L°0-)
[z69°0 [s19°0 [Lvs°0 (92570 [v6%°0 (2050 {1090
‘08270~ ‘68Z°0- ‘986 °0- ‘€95 °0- ‘99€°0- ‘%0€ "0~ ‘1LE°0- !
1979°0 168570 ‘99n°0 I M f094°0 8Ly°0 165570
‘€81°0] ‘8L1°0] ‘61€°0] ‘967°0] ‘181°0] ‘¢610] ‘gzzro) Teis3eT
(912°0-) (9L1°0-) (EE€T"0-) (TLy°0) (€01°0-) (8L7°0-) (10Z°0-)
(992°1-) (62%°1-) (6TT°T~) (162°0) (867°0-) (€T%°0-) (205 0-)
[9%%°0 [o1% 0 [et%"0 (vZ1°0-) [99¢°0 [tey-0 [oo%°0
‘L1570~ ‘9%L°0~ ‘€06 °0- ‘s6€°0- ‘6€y°0- ‘9%€°0-
*78€°0 ‘€LT°0 ‘8L1°0 B3 A '26€°0 ‘GLE"D !
‘1£2°0] ‘90€°0] ‘€L€°0] (T91°1-) ‘601°0] ‘261°0] ‘ge1°0] Teurpnitduor |
1
%SO TISTYIIIVIVHD TVAOR -
I19M JJ0TNVI | *I9M "aNVT |I9M JJ0INVI | “IOM "GNV NMOQ NMOQ M
NMOG S4dV1d | NMOG SdV'id| NMOG S4V1d | NMOQ SdV1d Sdv1d Sav1d NNOQ YALTHVEY I
I 08 I3 08 11 oY I¥ O% | QNIMSSOED | ONIMSS0ED Savid HOIIIANOD *
*1IV TIAZT | ©1IV TAATT| °IIV TIATT| “IIV TAATT 93a 06 *93d SY ANINIVAH Lio11d _
IHOTTd aMA | IKOTTd QMma| IHOITd QMd | IHOTTA "aMd 43IA0H IAQH YIAOH :
% 30 ¢ 2%8eg (panut3juoy) aueTdiry uk4 wepue] jO SOTISTAIIDEBIBY) TEPON pPUB WIIL 1°T°4d 21498l




NADC-77337-60

o v

B-6

T

r

t
|
6%°0 6%°0 %00 56"y €L L 819 3ap ‘aduspToul TTEL
0°0 0°0 0°0 0'0 0°0 0°0 8ap ‘uor3vaTiaq ISNIYL M}
0°0 0°0 0°0 0°0 0°0 0°0 qr-33 ‘*sdg +doag
Aq °7ddy juswol wrar [Tod
SHhYy €799 %298 ¥8G¢- Z8TL2- Z0L€T- q1-33 ‘‘skg -doag
Aq - 1ddy 3juemol wriy Yo"3Ird
0°0 0'0 66°1€ £6°%9 LO°SL 1T°¢ 3ap ‘uoravaryag 272z0N ¢
»
L20y 0009 5809 €6LeT 0102¢ 10212 q1 *3asnayyl telol
0°0 0°0 0°0 0°0 0°0 0°0 8ap ‘arduv dITsapIs
66°9 06°C 0"y 0y 0°0 0°0 Sap ‘jyoe3ly Jo a7duy
0°0 0°0 0°0 0°0 0°0 i 0°0 ﬁ 3sp ‘aT3uy >jueg !
|
66°9 06°2 0°% 0°% 0°0 0°0 3op ‘a7Buy Y2314 |
2°981 0°002 07091 0°02t 0°02T 0021 3y ‘peadsity emar
1
SOTISTYIIOVEVHD WIML - |
| |
t .
*I9M S ‘114 *1oM ANV *I194 ANV "IONM ANV | (19N d40TVI | TI9M CONV N —
dn Sdv1d NMOQ SdVTd NMOQ Saviid NMOQ SdVTId NMOd SAVId | NM00 SV w
SA 91 11 00T X 091 1021 It oz | % 07T <01 LIANOD !
IHOTTd T3ATT! IHOITd TIAFT ‘1IV ‘93T ¥ *LIV "9Ed ¥ *LLV TIAAT _ " LIV T13AE1 T IHoTid w
451090 ASIN¥D ImOTTd and LHOITS *amd LHOITA *Qnd _ IHOTId Mg _ ,//////;
v 30 ¢ 98eg (p3nuriluo)) suerdaly uUBj] WSPUE] JO SOI13ISIAIDeIRY) TEPO,y PUB WIa] 1°1°49 @219®1

UV U U U RO S -




AD-A105 783

UNCLASSIFIED

VOUGHT CORP DALLAS TX FLD 8

V/STOL AIRCRAFT DESIGN SENSITIVITY TO FLYING QUALITIES CRITERIA==ETC(U)

FEB 80 B B BRASSELLs R L FORTENBAUGH N62269=78=C=0177
NADC=77337-60 NL




(pepnTouo)) auerdiry uey Wapue] JO SOTISTISIOBIRY)H TBPON pue wWril

1°1'd ®T9®L

(26600°0) (£6500°0) (19€00°0) (5810°0-) (Z€L0°0-) (1£90°0-)
(v€9°1-) (896°1-) (699°1-) (Le 1) (%07°1-) CT%°1-) _
[1%8°1 [65€°2 [€9s°1 [9z1'1 [950°T [€z6°0 i
‘€%90°0 ‘8960°0 ‘82%0°0 $25900°0- *20%00°0 ‘1060°0~ i
‘g8t ‘gne°e 196°1 ‘9Z1°1 ‘9601 £226°0 X
‘8T1°0-] ‘872 °0-] ‘8990°0~] ‘9€£00°0] ‘§Z%00°0] ‘€9%0°0] Texajel |
[s0s°T [v0L°2 (0Lz°0-) (LLeto) [teo°1 (¥€2°0)
‘699°0 ‘195°0 ‘969°0
L TA R ‘geT T 9%L°0 “
‘100°1~] ‘815°1-] (161°0) (Lse°1-) ‘0zL°0-] (8€€°1-) _
[911°0 [v1T1°0 [820°1 [20% 0 [s090°0 [92z°0
‘80%0°0 ‘9110 ‘606°0 ‘4090 ‘6TT°0 ‘186°0
‘9110 ‘€110 ‘62%°0 ‘oze'o '6850°0 ‘9120 M
‘TL%00°0-] ‘€€T0°0-] ‘6€6°0-] ‘€92°0-] ‘9€10°0-] §ST°0-] Teurpniyduoy
SOILSTYAIIVEVHD TVAOW -
“I9M *SHEd *I1d *I5M ANV *I9M *aNvl *I9M CANVI | *I9M 430EWVL *I9M ANV LT VIV
dl Sdvid NMOQ SdV'1d NMOQ SdV'1d NMOQ Savid NMOQ Savild NA0Q SAV1d n
SA %1 Id 002 IX 091 Id 021 I 021 IX 0¢T RO LIANOD
IH911d TAAFT| IHOITd T1dATT *LIV *93d ¢ "1V "9dd ¢ *1LIV TIATI *LIV 13ATT THOTLd !
ASINAD 451090 IHOT1I *amd IHOTTd -amd JTHOTTE amd IHOITd “amd !
% 30 % 38eq

B-7




NADC-77337-60

29200°0- | 6S€00°0- £0€00°0-] sov00'0-| 66€00°0- | TO%00°0- $0%00°0- a1/,298/33 - 492
60°S- 98%°9- 162 2~ €Lz z- $19°0 110" 1- 686°T- pe1/,22s/33 - %9,
. . . . . ' U
9£100°0 ££000°0 L£000°0 £2000°0 0°0 97000°0 Z000°0 q1/,%°8/33 = 1%
99°01- vEE 6~ 0€6° T- 169° 1~ 98100°0 00€°0- €12 1~ nmu\uuwm\um - Mg
¥19°2- e Z- L1671~ 10%° 1~ 608°0- 0£0° T- z0€° 1~ v2s/pei/ 99s/33 - 4,
96¢°0- 92%°0- T12°0- 0sz°0- 0£60°0- LLT70- £22°0- 298/33/,998/33 - Mz
2190°0- 1260°0- 29T00°0-| S£800°0-| 0£000°0 £LST0°0 91000~ v3s/33/,%98/33 - Mz
SAATIVAINEA - Z -
50000 °0 07000°0 0°0 10000°0 £0000°0- | 20000°0- T0000°0 at/,22s/33 = *x
18" 1€~ L1°0g- <6°ZE- 9L z¢E- o€ ze- 19°€e- 6L° 7€~ pe/ 995/33 -ty it
MRS
$T000°0 90000 *0- 20000°0 0°0 0°0 £0000°0 0°0 at/,98/33 = x|
26€°1- €0°1- €6T°0- 641 0- £0€0°0 2680°0 0T1°0- pex/ 295/33 - “x o
96€°0- 80€°0- 00Z°0- 86T 0- 00T*0 %210°0 ZE1°0- v9s/pea/ s/ - by !
LEL00°0~ | S9200°0- 69700°0-|  L€200°0-| 0%T00°0- 9T20°0- 81200°0- 09s/33/,%95/33 - ™x |
89€0°0~ 9€%0°0- 8450 °0- 65€0°0- £820°0- £8€0°0- 15€0°0- 295/33/,998/33 - ™MX
SEATIVAINEQ - X -
19M J40TNVL | *I9r *QNVI | IOM J0TNVL| *IOM *QNVT | NXOQ S4vId | MNOQ SAV1d
NMOQ SAVIA | NMOQ Savid | NMOQ SAVTd| MMOQ Sdvii | GNIMSSO¥D | QNINSSOMD | :MOd Savid IATIVATHAC
11 08 ¥ 08 1 oY i 0% 93 06 97a ¢ | ANINAVEH NOILIANO0D
*1IV TEAFT | *1Iv TEATT | "IIV 13ATT| *IIV T3AT1 I3 s I3 S IN S¢ ! N
IHOTId GMI | IHOTTA amd | IHMOTTI Qmi| IHOTTI amd 4FAOH YANOH ¥INOH 1HOTTd w
v 30 T @%ed aueTdaly uej WepPUB] JO SIATIBATID] AIT[TQRIS Teurpniiduo] z°1°9 @19%L
~ )
b . - .

T oA




{
700000 0°0 10000°0 10000°0 20000°0- 0°0 100000 qr/,%°s/pex - Fp 1
. . . zomg, |
L1270~ SY1°0 1L2°0- €12° 0~ Sy 0- 10€°0- €v2°0- pea/ oas/pel - SR g
) ) ) * m { Wyg, o )
$9000°0 £7000°0 €%000°0 9%000°0 8%000°0 m L9000°0 | £%000°0 qQ1/,298/per - R :
_ w_ . |
| 758°2- ¥9€° T AR ¥Z%°0- 68€00°0- |  6E60°0- T1€°0- pei/ d3s/pe - DA _
M L0S°0- A4 M €220~ 9810~ €0£0°0- z€60°0~ %91°0- oos/pel/ 295 /pel - .wz w ,
| i |
¥2€00°0 76500°0 €010°0 711070 §9£00°0 |,  TET0'O ¥T10°0 208/33/ 99s/pel - o
! |
0€500°0 £€%00°0 ¥8€00°0 18200°0 69000°0 €L200°0 £5700°0 228/33/,2°8/pE1 - "Rr
SIATIVATYIA =~ R -
154 J4403¥VI | 'I9M ‘ANVT | I9M JJ0TAVI| °*ION *ANVT | NMOQ SJV1d | NMOQ SAVIL
NHOQ SVIA | NMOG SAVId | NMOO SAVId| NMOQ SdVId | QNIMSSOdO | ANIMSSO¥O | NMOQ SdVLd AAIIVATEIC
I1 08 11 08 I3 0% 1 0% 534 06 93a S% | aNIMAVEH NOTLIQNOD
*lIV TEAFT | "IIV THATT | “IIV TIATI| °1IV TIATT Ia §€ 14 S€ X S€ Y
IHOTTd AMI { IHOITd QM4 | IHOITd AMI| IHOITd QMd YFAOH YINOH ¥3A0H *
v 30 ¢ ?%ed (penuriuc)) aueTdily ued WIPUE] JO SIATIBATIDQ £1TTTQeIS TBUIPNITSUOT] 7'1°9 @1qel
— —— L]
fll —— ! )




-

NADC~-7733/-60

£0T00 0~ 98000 "0~ L0€00°0~ 6€€£00'0~ 0¢Z00°0- GGE00'0- q1/,%es/33 - 7
Te8°6- T0°ST- 1267 L- eyTeT~ 1€ ¢TI 691~ pe1/,238/33 - 2%z
wag
06000°0 28000°0 60%00°0 £6000°0 6L€00°0 £€2100°0 pH\Numw\uu - 9z
96 ° 99— 01°68- 1€°9¢~ 9¢°02~ 9 he- 6%°1Z- Pel1/,998/33 - 7
060°¢- L6€°G- 906° ¢~ Lon e~ 182 €~ w98 T- J9s/pel/,298/33 - PN
(80~ 001°1- 898°0- 999°0-~ 96%°0~ 009°0- umm\uu\uuam\uu - M
L160°0- 8¢1°0- LST°0- 691°0~ S0T°0- [A A% omm\uw\muwm\uw - vz
SIATLVAI¥AGA - Z -
8%200°0 9.200°0 L6200°0 26000°0 0€000°0 9€000°0 AA\Numw\uw - Ny
9€£°0- 820" 1- SI6" ¥- 06° ¢TI~ %8°GC~ LL°ee- vmu\mumm\uu |szwx
. . vy
T1I000°0- 60000 0- L{%000°0- 91000°0- Z%000°0 £0000°0- aH\Numm\uu - X
8660°0 689 °0- 26900°0- 6%L°T- 8.6 €~ 91872~ vmu\mumm\uu - ’Jx
9¢(t"0 65L0°0 0860°0 L2800~ SeEY° 0~ 882°0- uww\vmu\wuwm\uu - fx
0cT"0 6T80°0 8680°0 £660°0 996000~ G2Z00°0 uwm\uu\Numm\uw - Mx
¢0T0T0~ c620°0- 6%20° 0~ ?0€0°0- G6%0'0- Ly%0°0~- uwm\uw\uumm\uu - ™
SAAILVAI¥AQ - X -
I o S (N A € *IOoM ANV IOM CANVI “IoM "aNV1 *1oH 4403V *19M *aNvl HILDOEVE
dl Sdavid NMOQ SdVTd NMOA SdV'1d NMOQ Sdv1d NMOO Sdvid NMOQ SdV1d '
L WA ¢ Id 00T Id 09T 1 071 ¥ 0Z1 ¥ 0zt NOTLIANOD
IHOTTd TAATT| IHOITd TAAAT LIV '93d ¥ *1IV ‘93 ¥ *1IV T3IATT 11V TAATT _ IH9T1T1d
dSINo dsINdD IHOI1d “amd IHOITd “and IHOT1d "GMd JHOTId “dmd -
v 30 ¢ 98eq (penurjuo)) auerdaty ue] WOpPUB] JO SIATIBATII( LITTIGEIS [BUIPNITSuoO] 2°1°9 @219®L

B-10




NADC-77337~60

B-11

#0000°0 S0000°0 80000°0- %0000°0 LT000°0 0°0 aH\Numm\vmu - Wy
90%°0- %01 °0- 1£000°0 TeS 0 L2€°0 96%°0 vmu\uuam\vmn adhlwz
. . . N
$1000°0 9T1000°0 92000°0 9¢000°0 0¢100°0 0%000°0 na\womm\vmu = R
g8 11- 68°CC- 608°6- 8ve¢°6- T€S° 9~ E1% AR vmu\uuwm\vmu - t:a
L28°0- 9ny 1~ £€8L°0- wL5°0- 9¢L°0- 009°0- uwm\vmu\mumm\vmu - ﬁi
£6%00°0~ TLT0 0~ TL100°0~ 0eT100°0 8%€00°0- 19100°0 uwm\uw\muuw\vmu - ™K
£5000°0 0£000°0 §2c00°0~- S€00°0- 64000 °0- 9£000°0- uwm\uu\uuww\vmu - “R
SIAILVATYIA ~ W -
*LoM CgEd 1A “LoM ANV *1oM ANV *IOM CGNVT | °1OM d303¥VL *ION CANVT WALTHVEV D
dil _sdvia NMOQ SdV1Z NMOQ SdVId NMOTQ SaV'1d NMOQ S4av1d NMOQ Savid
%A 9T I3 002 Id 09T I 02t Ia 021 11 otT NOILIANOD
IHOITA 13ATT| IHOYTH 'T3ART LIV "0dd v LIV *dda ¢ *ILV TIATT *1IV TIAZT IH9T1d
dSINID ISINYD IHOTTd QM4 IHOTTd “amd IHOTTId “QMd IHOITd “amd
v 30 % ?%eq (pepn1ouo)) suerdaty uei wapuel 3O S9ATIBATISQ AITITQRIS TEuUIpnitSuo] 2°1°4 919e1

h PP T N




NADC-77337-60

969°0 0%9°0 €5€°0 9€€°0 6850°0~ LST°0 762°0 pea/,o9s/pex - "9y
$92°0 L12°0 2990°0 Z%50°0 0°0 78800°0 ST%0°0 pe1/,09s/pel - 81
. a1t
£%000°0 85000°0 L%000°0 85000°0 £5000°0 £5000°0 8500070 a1/, %°s/pea - H7
£08°0~ 266 0= 20z°0- 8%¢° 0~ 0°0 8T1°0- 06T°0- pe1/,o3s/pex - %1
£2€°0 9Z£'0 961°0 L6T°0 00T°0 09€0°0 08T°0 o9s/pe1/,29s/pel - 47
§79°0- ovL°0- zee 0~ 68€°0- T€1°0- 792°0- Sye'0- 295 /pe1/,095/pE1 ~ 47
€910 °0- T%70°0- 12600°0-]  90600°0-! GS%00°0- | ZIS00°0- | Z€8B00'O- 99s/33/,99s/pea - A1
SIAILVATIEQ - 1
0°0 0°0 0°0 0°0 0°0 0°0 0°0 pe1/,098/33 - 9y
: €L5°T SLE'T £6€°0 y9€°0 0°0 |  6550°0 £€92°0 pB1/,2358/33 - he
: gt %
0°0 0°0 0°0 0°0 0°0 0°0 0°0 a1/,28/33 -
v,
0°0 0°0 0°0 0°0 0°0 0°0 0°0 pe3/,98/33 - 31
Lee°1 $62°1T 160" T 8€0°1 £€96°0 ¥56°0 000°T 295 /pe1/,0985/33 - %
S0€°0- TLeo- ¥61°0- 6L1°0~ 79170~ zsT 0~ (91°0~ 095 /pe1/,095/33 ~ 42
€0T°0~ 10T°0~ %580°0- 79800~ L6T°0- 651°0- £780°0- 2es/33/,2s8/33 - "1
SIAIIVATNIQ - X -
IO# J40ZAVI | “IOM °ANVT | 19M JJ0ANVL| °*I9M "GNV | N#OQ S4VTd | NMOQ Savid
NAOQ SV | HMMOQ SAVId | NMOQ SAVId| NMOQ SAVId | QNIMSSO¥D | ONIMSSO¥D | NMOT SdV™ IATIVATHAA
i 08 IX 08 1 0y 10y 93a 06 93a Sy | QNIMIV™ .| NOTLIXO0D
*lIV IEATT | "IV TAATT | LIV TIATT| °ILYV TAATT Ii S¢ i SE IX ¢ THO1T
IHOITd QMd | IHOTTA QM | IHOTTS QMi| IHOITT ani 4INOH o) 4IAOH
% 30 T 28eq aueidaly uej WIpPUB] JO SI9ATIBATII] LIJTITIqRIS T[BIDIE] €°1°9 @19el

~

B-12




NADC-77337-60

- e— T —y

?tr@ .
166 °1- 2061~ w90° 2~ 169°1- 969 1~ 004°1~ 799° 1~ vmtwumm\vmu - N
-} .
T€€°0- 9€2°0- L280°0- 16500~ 0'0 #110° 0~ Z6%0° 0~ nmu\mumm\umu - O3 ™
~ou N
0°0 00 0°0 0°0 0°0 0°0 0'0 pdmumm\cmu - N
v,
69600°0 $0T0°0 Z%200°0 092000 0*0 L6E00°0 661000 vﬁ\wumm\vmu - 9x
102°0- 0S1°0- G210~ LS60 0~ 60T 0~ 2780°0~ $880°0- umm\vmu\wuom\vﬂ T
1210°0 89000 °0- STT00'D 26%00°0- T9800°'0 %6200 €6%00°0- umm\nﬂ\mumm\vﬁ - %y
61200°0 62000 °0- T%%00°0- 80%00°D- 0Z£00°0~ 92%00° 0~ SEv00° 0~ uwm\uu\muum\umu - M
SAATIVATYEA ~ N -
I9M Z40AAVI | *I1OM ANV | 19M J40IMVI| *I9M *ANVT | NMC1 SdVId | NMOG SdvV1d
NMOQ SAVIA | NMOQ SdV1d 00 SAVIA| NMOQ SAVId | QNIMSSOYD | aNIMSSO¥D | NMOQ Sdvid FAIIVATIEC
i1 08 I1 08 0% Id 0% 94ad 06 93a sY aNIMIVEH 0T 1IAN09
*1IV IZATI | *IIV TAATT | 1IV 13ATI| "1IV T3ATT I¥ s¢ Id s¢g ¥ g€ ' IHOTTA
IHOITA QME | IHOTTE Qud | IHOTIS Qid| JIuOITd aQmd YIAOH JINOH d3IAOH
% 30 7 2%eg (p nurjuc)) aueydaly ue wapue] JO SIATIBATII(] £L31TIqR3IS TeRI3le] €°1°9 3tgel.
- .- - R P—

oy — Py r— ;




(o]
925°0 LL8°0 €SL°0 2580 286°0 106°0 | pex/, 09s/pea - 9

“ |
€E0°'T 8202 £98°0 9840 965°0 88%°0 nmu\mumm\vmu - “
Jaodbh :
£0000°0 100000 7€000°0 96000°0 9%000°0 95000°0 nH\Nuum\nmu - T
v !
156°6- €62 L- 048" - LT~ 918°T- AT ANAS cmu\uumm\vmu - %1
€%8°0 T80°'T 9£8°0 819°0 9¢%°0 Z9%°0 owm\vmu\mumm\umu - 41
806 °1- 0¢8°1- VAL AN %60°T- 1160~ %80° T~ umm\nmu\muom\vmu - 44
£920°0- €L€0°0- 0920°0- €020°0- 26100~ Z610°0- umm\uw\mumm\umu - M
SIAIIVATEHEQ - 1T -
[=] [} ¥
$ 0°0 0°0 0°0 0°0 0°0 0°0 pex/ 09s/33 - Ik
r~ -—
o] a
Q 252°9 98°Z1 9L4°S 6L0°¢ o5 ¢ 960°€ vmu\muum\uu - % )
- ]
I Idﬁslfo
W 0°0 0°0 0°0 0°0 0°0 0°'0 ﬁ\Nuom\uu - X
0°0 0°0 0°0 0°0 0°0 0°0 vmu\wuwm\uu - %
GET°1 LEE*T €TE°T L12°1 229°1 80%°1 uom\vmu\mumm\uw -
T6€°0- g€yL 0- €0%°0- 82¢°0- T0%°0~ 64%€°0~ umm\umu\Nuum\uu - 6y
€21°0- S6T°0- 8CT° 0~ 60T°0- 6T1°0- 6TT 0~ uum\uu\wucm\uu - M H

SAATILVATEAA - X -

I1oM s3g 11d *LOM *aNV1 *JOM "dNV1 *IloM "ANV1 CIOM dI0dAVI “IONM ANV :
dn savii NMOd Sdv1d NMOT SdV1d NMOd SdV1d NMOU SdvV1d NMOQ SdVTd AATIVAIYIQ
SanT 1 002 Id 091 11 021 11021 I 0zt NOTLIONOD
*I1d TAATT *ITd TIAZT | °1Iv *o3d ¥ *IIV "93Q ¥ *LIV T3ATT “1IV 13A31 19T
ISINYO dS1IN¥0 IHOTTd "AMd IHOITd “(Md IHOIId “aM3 IHOTTA *Qud |

% 30 € 28eq (penutjuo)) sueldaly UeJ WRpUBR] JO SIATIBATIDQ AITTIqQEIS TEBIaie] €°1°9 @198l




NADC~77337-60

B-15

,, 0°0 0°0 0LT*0- 859°0- $z 1- “ 200" T- pea/ o5 /pea - My
” €22°T- 0Tz 2~ 0%6°0- 6250 SvLt0- | 7€5°0- pe1/, 22s/pel - N
. g i
; %1000°0 71000°0 Z1000°0 %0000°0 | 10000°0 ! £0000°0 q1/,>38/pE1 = |y !
: 1€1°0- 00100 €4800°0- ¥L%00° 0~ 8120°0 %€20°0 pel/ 095 /pel - N
i
_, ATAVE 124" 0- 0%z 0- Z61°0- 897°0- 861°0- %9s/pe1/,235/peL - N
621°0- $620°0- %5800~ 9990°0- 0520°0 €2%00°0 99s/pel/ 23S /pel - 4N
w £5100°0 1510°0 899000 0L€00°0 ¥8%00°0 162000 995 /33/,93s /PR3 - AN
SEAILVATYEA - N -
194 S70 I14 *I9M “ANV1 194 ANV *I9M ANV ‘194 1I0TAVL TIOM AN
d1 Sdvid NMOQ SdVI4 | NMOA SAVIL NHOQ SdVT4 W0U SdVId N40Q SdV1d AATIVATEAC
SAn'T i 002 i 097 o TA 14071 1% 021 HOTIIANOD
‘114 73A31 *I1d T3AFT | LIV °93A ¥ LIV “23Q Y 11V T3ATT 1LV 13431 e EDHM 3
4S104D ISINYD IHoI1d QM IHDITd "dmd 130174 amd LHOTTE "did u !
7 30 % a3eg (popniouo)y) auetdaiy uef WSPUB] JO SIATIBATIS(Q AITTTqRIS TEBA23PE] €19 @19l




NADC-77337-60

H¥o- ¥0-
DAA~ADYAL A0 RIONY
ac 07 ol \ /
, “ \\
m v
_v A A
| M yan
A 7 A
b 11
~ ‘ L B
I | 1
f:a.ﬂzou N S leo
)} BV +— — I;
fuﬁo uwzﬁa m :
w.. .!rw..* .
11/
w / ¢
A H
/7 |
YA 4
| 4
{
[/
/!
j
BEPEEE lez
v
- A
j i
i ._
— S Lo lye 4?2
it Gb
1 4

B T

Figure B.1.1 -~ Tandem Fan Low Angle of Attack (0 4o 4 30 de

8) Power

0ff Longitudinal Aerodynamic Characteristics

B-16




NADC-77337-60

|

neT Gy

I

2'a ("o _ 00
)
l.
|
\ N
/
-
| H}\ ~ eo
m /.
.
M “\,. i
LA L
. ; 1oz
¥

|

-
v
X
o]
o
7~
)
']
o
)
o
N
X 0
13
NI
o o
~
od
o
[SIN T}
Y]
oo
23
IS
w“ o
(o3RS
kc
| BE o~
N '
. s MN.B
) e Bae
: G o
; : s v
; ." by
‘ Cog<
.- (R
: . -
; o
: € g
t v -~
: v
.. g3
=
||
o0
1 o
Q
N |
o
0w
QO
(&)
N’
~—t
-
m
]
vl
3
bh
e
x4
r



: ; ,, i L , ., N
QAN 30 TN _ i

o Ow' ozl- 091-

Aerodynamics Characteristics

|
| ;
S L
|
t

8

1

g wwote s w
o _ ok oo Lame

: = i |
e Mt i S ‘¢umnu;wunu,wa1zum

NADC-77337-60

Off Longitudinal

Figure B.1.2 - Tandem Fan High Angle of Attack (to + 180 deg) Power

' i '
. . t { H !
S A R u.
| ; . W i
1P : i




NADC-77337-60

Artw:, . :@ S ; M . . :
e S

Mo = aU m.uzm&wuwm

| ™~ _
R T _.dns_ aQqu.:w :
. | <.E uue ¥amag |
o A mHuzm B
Aot S
| ! h ﬂ :
: MA 1 w H : i

.Enzmuﬁ,rdzwﬂiu.,d i
. . . ] i . [ . H

B-19

J}'

.1.2 (Cont.) - Tandem Fan High Angle of Attack (to * 180 deg) Power
Off Longitudinal Aerodymamics Cnaracteristics

Figure B




NADC-77337-60

)
v = b s
-
|
: Qo X
e | M
...~. R
!

—L | i —
, I I

T = :

L , ;

Sie it el Sttt Shiabinbes &
<y _. . T
e
L Lol _

T ~ -

Lo : o

SRS SO S . el

o

- - ———— -~ -—

R S i . - i
ERe N ' o

SN S S I I I i

NS SN Y

¢

R

%

: S =
OF . ;grmm'; ~ DEG

2

}

3
_ANGLE

B0 SR A Y 3
I ! AW sls
- . . E .
. o : ol
R N 7
0LYT 9b

Figure B.1.3 - Tandem Fan Low Angle of Attack (0 & & & 30 deg) Power

Off Static Lateral Directional Derivatives

20




f

) =0

.

OFF DATA

L= oG

1
i
!

'
!

TPORER

1
t

O

B

. |
L d

NADC-77337-60

80

[19)

SAQESL\,?; mg@.av DE.;L ,

. __4:»

Figure B.l.4 -~ Tandem Fan Power Off Lateral Directional Aerodynamic
B-21

4b B

i

Characteristics at Large Sideslip Angles (0 to 9J dey) ---

YAW WOMERITT

COEFFICIENT




NADC-77337-60

T i
. i
. 1 . )
. H
i ! :
— 1 R e S
—_— : |
I
. B ! .3

T
'
v

1

._.:L_, U

!
i
|
1
|
+
i

2

2

g%
-
|
t
I

!
+ __.ﬂ-ﬂip.___*” ——
2
éndem ?aﬁ Thfust - Inducéd Aerodynamic Characteristics

—
:ﬂv. e
Figure B,1.5 - T

Q\VH OQ i A R L I R e U |




B

-
|

!
-1

v,\ ’;56. ]
]
e

NADC-77337-60

e

AT

N

I—.J"N ERSEEER: IESES pagna 8!
Rt i :

e

I
s

IR it
[aed sonds e
v

P oY

0 N A NN

QYT S

i

— gt: Ly .

A
!

~i _;7

mpdrc;u
: i?‘Cﬂ';s '
RIS

VeV, =600, -

BUT
. i ! .

B,
2
) ; 2 L
“ w24
— e e Er [ QR 4&? o —- I“l.&. e .
“ 1 - BT
- B e S D i Aaash iRt C-iuegfil ~autanten cott - e e
L R Jmm m AT
m

W
NORLE

%

t

—

=ks
R

)

AR

R Wi

o

T

i

v o A b

.

HWEEJQYTT?
]
NORILES |
- : ; 1 i . :
) - Tandem Fan Thrust - Induced Aerodynamic Characteristics

ALENT

; i
T EGlY
TITAL

D eiio

s MERhG

!
.

;

5 (Cont

-t

.

m

1]

i -
3
o0

Jar}

29}

B-23
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1. In Table B.1.1, the quantities pitch trim moment and roll trim moment
applied by the propulsion system, have different interpretations in
the various flight regimes. In hover and forward flight, differential
fore-aft thrust for pitch and differential right-left thrust for roll
are the primary means of trimming pitch and roll moments; in cruise
flight these moments are related to trim thrust and must be trimmed by
the aerodynamic control surfaces.

2. One pound of aTpyycy or aTgp | (Tables B.1.2 and B.1.3) is
produced by one pound thrust increases or decreases, as appropriate,
at each of the four nozzles. For example, one pound of positive
ATPI{CH is generated by one pound thrust increases at each forward
nozzle and simultaneous one pound thrust decreases at each aft
nozzle. With the airplane hovering in a 35 kt headwind, this one
pound of ATprycy will produce 0.00047 rad/sec? (= Map;r.,) of
pitch acceleration. Similarly, one pound of positive l*ﬁOLL is
generated by one pound thrust increases at each left side nozzle and
one pound thrust decreases at each right side nozzle. In the same 35
kt headwind condition this one pound of aTgg ( will produce 0.00058
rad/sec2 (= LaTpopy) Of roll acceleration.

3. One pound of positive aT (Table B.1.2) corresponds to a one pound
thrust increase at each of the four nozzles; i.e., AT is a per fan
quantity and aircraft thrust increases or decreases four pounds for
each pound of aT.

4. One degree of positive yaw thrust deflection (GYAN) (Tables B.1.1
and B.1.3) is produced by one degree increases in each of the left
side nozzle angles and simultaneous one degree decreases in each of
th2 right side nozzle angles. This one degree of positive sypy
generates -1.662 (= Néy, )/57.3 = -0.029 rad/sec? yaw
acceleration when the X1Hp1ane is hovered in a 35 kt headwind.

Figure B.1.6 summarizes the cruise flight trim and modal characteristics
of the Tandem Fan airplane while figure B.1.7 summarizes forward flight trim
characteristics of the airplane.

B.2 Tilt Nacelle Airplane Data
B.2.1 Tilt Nacelle Power Off Aerodynamics Data

Figures B.2.1 through B.2.4 summarize the power off aerodynamics of the
Tilt Nacelle airplane. The horizontal tail trailing edge flap (é1gfy) or
elevator deflection is varied to trim the airplane in aerodynamic f1$ght and
geared to reaction control system (RCS) pitch control in the forward and hover
flight regimes. The wing trailing edge flap (é7gf,) is deflected 30 deg
to establish the flaps down configuration of the ayrplane.
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B.2.2 Tilt Nacelle Thrust-Induced Effects

The Tilt Nacelle thrust induced effects model is based on data in
reference (B-f). The model calculations are as follows:

Ay~ ;i Siu (‘SCLL\v;a:
= i Swia Co\vw«

AM, . = 0,
@), B2 s
LO SFZ2\10
SF = 1.5 = 0.03333 X, 0.<sSF<10
0.0 SF < ©. .

YR f[ Suer s Yoo/ Vﬁ]
(8 hn™ F Sree, (/]
(%&)mvz = s:[ doz 7(VJV3 )-]

(VA ) = / 2#?2"

where

sL11, aDy1, and AMT{ are the thrust-induced 1ift, drag, and pitching
moment in the stability axis system. alLyp and aDr1 have units of
1b; aMy1 has units of ft 1b.
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(j;i) T1 is the thrust-induced downwash gradient

ay is the tail angle of attack, deg

§Noz is the average nozzle deflection, deg

TR is the thrust of the right fan, 1b

TL is the thrust of the left fan, 1b

q is dynamic pressure, 1b/ft2

re is the equivalent radius of one of the nacelle exit areas, ft
Sw is reference wing area, ft2

Ty is the wing mean aerodynamic chord, ft

(aCy)pwrs (4Cp)pwr, and (3¢) R are plotted on figure B.2.5
as functions of &ygz and ?v AR

B.2.3 Tilt Nacelle Trim Summary

Tables B.2.1 through B.2.3 and figures B.2.6 and B.2.7 constitute the Tilt
Nacelle trim summary. The following notes clarify certain table entries which
are configuration specific:

1. Since the pitch RCS is continuous bleed and is oriented to provide an
upward force on the airplane, the Z-axis component of the RCS is
included in the "total thrust" entry in Table B.2.1.

: 2. The trim roll moment applied by the propulsion system (Table B.2.1) is
{ generated by differential right-left thrust balance.

3. One degree of positive yaw thrust deflection (sypy) (Tables B.2.1
and B.2.3) is produced by one degree increase in Yeft nacelle tilt
angle and a simultaneous one degree decrease in right nacelle tilt
angle. This one degree of p051t1ve 6yaWw generates -1.603
(= Néyaw)/57.3 = -0.0280 rad/sec? yaw acceleration when the
aircraft is hovered in a 35 kt headwind.
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4, If the trim pitch moment applied by the RCS (Table B.2.1) is in a nose
down (negative) direction, then one pound of RCS pitch force
(RCSp1TCH) (Table B.2.2) is produced by a one pound increase or
decrease in forward RCS jet thrust for nose up or nose down control,
respectively, from trim. Conversely if the trim pitch moment is in a
nose up (positive) direction, then one pound of RCSpyrcH is produced
by a one pound increase or decrease in rear RCS jet thrust for nose
down or nose up control, respectively, from trim. The RCS pitch
control of the Tilt Nacelle airplane is therefore height couplied in

that the Z force on the airplane changes as pitch control moments are
changed.

5. One pound of positive aTpg | (Table B.2.3) is produced by a one
pound increase in left fan thrust and a simultaneous one pound
decrease in right fan thrust.

Figure B.2.6 summarizes the cruise flight trim and modal characteristics

of the Tilt Nacelle airplane while figure B.2.7 summarizes forward flight trim
characteristics of the airplane.
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B.3 L + L/C Airplane Data
8.3.1 L + L/C Power Off Aerodynamics Data
Figures B.3.1 through B.3.4 summarize the power off aerodynamics of the L

+ L/C airplane. Horizontal tail incidence (ig) is varied to trim the
airplane in aerodynamic flight and fixed at zero incidence in the forward and

hover flight regimes. The wing leading flap is set at 7 deg for conventional
aerodynamic flight and at 20 deg in the flaps down configuration which is used
in low speed cruise, forward, and hover flight. Also for the flaps down
configuration, the wing trailing edge flap is set at 30 deg.

8.3.2 L + L/C Thrust-Induced Effects

The L + L/C thrust-induced effects model is based on data in reference
(B-f). The model calculations are as follows:

Al = Ty (”%")

ACo
—_ bCm
AMG = T Yror \Tre

3) - F[ Susen 5 (/Y]
(v_/v)\ <008 or >1.0

(A—f#) ’ - 0.33 sn (Sm.,)[s‘. n[z-[—('%/%fg:&o"d'ﬂ 28 o008 £ (VJ V.S\ £1,0
AC 0. (%,/Y:)>w.o
(—1———) ) 0.40 S'm(émg[sin[‘?( (VJ Vj\]]z (%o/ V;\ £1\.0
o. WA
é%%€§>= 14D
0.10 S\ n(&m\[sin [‘n' (‘(J V,'\)]J (V,/ V_;\ £\.0

B-50

L_, ‘ [ [ S 1 p——— [ W e W e W coune SEEEDY a0 8 A—— S




NADC-77337-60

Ter = T+ T2 *'(:VS*;Y;\\(ul

Ve = Ye K ¥ r,“c(l—K\,Q

o] L. st e,v«s'\'nes oft
KL‘. =

) Lift enqines on

23 (wnd)
(Y;/\ﬁ) = '%&-_Ik'—'

TOv

where
al1i, D11, and AMT{ are the thrust-induced 1ift, drag, and pitching
a

moment in the stability axis system. aAlLyy and aDTp have units of
1b; aMry has units of ft 1b.

(%5)71 is the thrust-induced downwash gradient. Plotted on figure
B.3.5 as a function of sygz and (V_/Vj).

Tyor is total thrust, 1b

B-51




NADC-77337-60

is the thrust of the left 1ift cruise engine,
is the thrust of the right 1ift cruise engine.
is the thrust of the front 1ift engine.

is the thrust of the rear 1ift engine.

is the equivalent radius of the total nozzle area of the

Te
L+b‘8pulsion system; includes both 1ift and lift cruise engines, ft

eLg,

is the equivalent radius of the nozzle area of the two 1ift
uise engines, ft

G is dynamic pressure, 1b/ft?

§NOz Ts the average deflection of the operating nozzles, deg

B.3.3

L+ L/C Trim Summary

Tables B.3.1 through B.3.3 and figures B.3.6 and B.3.7 constitute the L +
L/C trim summary. The following notes clarify certain table entries which are
configuration specific:

1.

The trim pitch moment applied by the propulsion system (Table B.3.1)
represents different effects depending on flight regime. In hover and
forward flight, the 1ift engines are operating and the airplane pitch
moment is trimmed by adjusting the thrust balance between the 1ift
(front) and 1ift/cruise (rear) engines. In cruise flight, the iift
engines are not operating and the propulsion system derived pitch
moment produced by the trim thrust of the 1ift/cruise engines must be
trimmed by the aerodynamic pitch control surface.

In hover and forward flight with the 1ift engines operating one degree
of positive yaw thrust deflection (6ypy) (Tables B.3.1 and B.3.3) is
produced by one degree trailing edge right deflection of the lift
engines yaw vanes and a simultaneous one degree trailing edge left
deflection of the lift/cruise engines yaw vanes. This one degree of
positive syay generates - 3.405 (= Néyay)/57.3 = -0.0594

rad/sec? yaw acceleration when the airplane is hovered in a 35 kt
headwind. Similarly in cruise flight with the 1ift engines not
operating one degree of positive éyay is produced by one degree
trailing edge left deflection of the lift/cruise engines yaw vanes.

B-52

B s B cnsees S quamt

AL

PRUY

Ao A

PR ¢

P S—
b AL



NADC-77337-60

3. One pound of positive RCS pitch force (RCSpyycy) (Table B.3.2) is
produced by a one pound upward force at the nose RCS jet and a
simultaneous one pound downward force at the tail RCS jet. Similarly
one pound of positive RCS roll force (RCSpo ) (Table B.3.3) is
produced by a one pound upward force at the %eft wing RCS jet and a
simultaneous one pound downward force at the right wing RCS jet. The
RCS is not available when the 1ift engines are not operating , thus
the RCS derivatives are zero in cruise flight.

4. One pound of positive AT (Table B.3.2) is produced by simultaneous one
pound increases at each of the operating nozzles; i.e., in forward and
hover flight with the 1ift engines operating, one pound of positive aT
produces a four pound increase in total thrust. In cruise flight with
1ift engines not operating, one pound of positive aT produces a two
pound increase in total thrust.

Figure B.3.6 summarizes the cruise flight trim and modal characteristics
of the L + L/C airplane while figure B.3.7 summarizes forward flight trim
characteristics of the airplane.
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Figure B.3.1 - L + L/C Low Angle of Attack (0 & ol & 30 deg) Power

0ff Longitudinal Aerodynamic Characteristics
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8.4 RALS Airplane Data

B.4.1 RALS Power Off Aerodynamic Data

Figures B.4.1 through B.4.4 summarize the power off aerodynamics of the
RALS airplane. These data include the effects of the full time angle of
attack schedule developed for canard incidence to linearize the low angle of
attack aerodynamics. Symmetric deflection of the wing trailing edge flaps
(elevons) is varied to trim the airplane in aerodynamic flight. For the flaps
down configuration both the wing trailing edge and leading edge flaps are set
at 20 deg.

B.4.2 RALS Thrust-Induced Effects

The RALS thrust-induced effects model is based on data in reference
(B-f)}. The model calculations are as follows:

S s

Aln= Hor QQTC"'»

ADqy = -T;GV(E%iB:)

AMT‘ = Tm r.’.. &91_}—"'3
o. (\IQ/VJ-) <0.08 Or >\.0 ;
(s - e
T V:)-o. R
039 gin (6,,“\[sin["[( o.q;) o8 ]] 0.08 ﬁ(V‘,/V)-)é 1.0

(2%) - ° (L/)> 1o 1
T 0.40 sin(ém.,) [slnb((‘/‘,/ Vﬁ:”z (V‘/Y;) £\0 |
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(fscanq ) o. (5(,/&33’>\4>
Tre 0.70 s;n(‘fwﬁ[s’m[w(‘/»/ v, ]]M% (‘(,/V;\ <\.0

Tz (10T ) Ky + T, +T,

% = YepaKen +Ye (0 -Key)

| Frov\t wou\:.s Opemt;ns
Ken =
o Fronl wozzles wolt oper-qtins
29 (wre*
(V,/ VJ') - k&l-
where

aLT1, aDT], and aMyp are the thrust-induced 1ift, drag, and pitching
moment in the stability axis system. aly and aDyj have units of
1b; aMri has units of ft 1b.

Tror is total thrust, 1b

T1 is the thrust of the left front nozzle, 1b

T2 is the thrust of the right front nozzle, 1b

T3 is the thrust of the left rear nozzle, 1b

Tq is the thrust of the right rear nozzle, 1b

s T Gy b P wsniihiaubiing --un--‘h---iﬂliﬂlill‘
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Yep+g 1S the equivalent radius of the total nozzle area of the

propulsion system; includes both front and rear nozzles, ft

reg is the equivalent radius of the total area of the two rear

nozzles, ft

q is dynamic pressure, 1b/ft2

N0z 1S the average deflection of the operating nozzles, deg

B.4.3

RALS Trim Summary

Tables B.4.1 through B.4.3 and figures B.4.5 and B.4.6 constitute the RALS
trim summary. The following notes clarify certain table entries which are
configuration specific:

1.

The trim pitch moment applied by the propulsion system (Table B.4.1)
represents different effects depending on flight regime. In hover and
forward flight, the front nozzles are open and the airplane pitch
moment is trimmed by adjusting the thrust balance between the front
and rear nozzles. In cruise flight, the front nozzles are closed and
the propulsion system derived pitch moment produced by the trim thrust
of the rear nozzles (equals zero for the cases in Table B.4.1) must be
trimmed by the aerodynamic pitch control surface.

In hover and forward flight when the front nozzles are open one degree
of positive yaw thrust deflection (sypy) (Tables B.4.1 and B.4.3) is
produced by one degree trailing edge right deflecton of the front
nozzles yaw vanes and a simultaneous one degree trailing edge left
deflection of the rear nozzles yaw vanes. This one degree of positive
SYAW generates -3.606 (= Né&yaw)/57.3 = -0.0629 rad/sect yaw
acceleration when the airplane is hovered in a 35 kt headwind.
Similarly in cruise flight with the front nozzles closed one degree of
positive sypy is produced by one degree trailing edge left

deflection of the rear nozzles yaw vanes.

One pound of positive aT (Table B.4.2) is produced by simultaneous one
pound increases at each of the operating nozzles; i.e., in forward and
hover flight with the front nozzles open, one pound of positive aT
produces a four pound increase in total thrust, in cruise flight with
the front nozzles closed, aone pound of positive al produces a two
pound increase in total thrust.

One pound of positive aTpyrcy (Table B.4.2) is produced by one pound
thrust increases at each }ront nozzle and simultaneous one pound
thrust decreases at each rear nozzle. This one pound of positive
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TpITCH generates 0.00051 (= Maypyroy) rad/sec? pitch

acce?eration when the airplane E; Egvered in a 35 kt headwind. Note
that with front nozzles closed (cruise flight) the aTpiTcH
derivatives are the negative of the aT derivaties.

5. One pound of positive RCS roll force (RCSpg ) (Table B.4.3) is
produced by a one pound upward force at tﬁe &eft wing RCS jet and a
simultaneous one pound downward force at the right wing RCS jet. The
RCS is not available when the front nozzles are closed, thus the RCS
derivatives are zero in cruise flight.

Figure B.3.5 summarizes the cruise flight trim and modal characteristics
of the RALS airplane while figure B.3.6 summarizes forward flight trim
characteristics of the airplane.
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APPENDIX C
DESCRIPTION OF THE ASAP COMPUTER ROUTINE

The Aircraft Synthesis Analysis Program {ASAP) is a Vought
proprietary computer model for conducting aircraft design and performance
studies which include sizing, costing, and optimization. ASAP combines
various engineering disciplinres under one computer system, automates a
significant portion of the advanced design process (i.e., initiation, analysis
and optimization), and provides a system applicable to the entire advanced
design acquisition cycle.

Figure C~1 shows ASAP to be a collection of computer modules which
represent basic components of the design process (i.e., Initiation, Aralysis,
Optimization) and man machine interface, plus the executive routine that
controls all activities. Etach analysis module was developed and is maintained
by the cognizant technology discipline and contains that methodology normally
utilized in day to day advanced design activities by that discipline. Each
module is a complete computer routine made up of many subroutines, (e.g. the
Weights Module consists of in excess of one hundred subroutines, the
Performance Module in excess of eighty, etc.). Analysis capabilities range
from simple statistical and empirical relationships to detailed analytical
techniques. Provisions are included to allow direct input of data generated
external to the progrm (e.g., wind tunnel data, NASTRAN results, etc.).

Modular construction allows ASAP to be flexible in nature so that
subroutine modules can be added, r'eleted, and/or revised without disrupting
the entire program. The program remains useful over a long period of time

because it can be modified to account for advancing technology, emerging

disciplines, new analysis techniques, and a wider spectrum of aircraft systems.

C-1
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ASAP is designed to operate as a complete synthesis program or in one
of three partial modes as illustrated in Figure C-2. The “partial® synthesis
modes are designed to permit program use as a separate parametric analysis
program or as a separate analysis program with or without an Initiation
Module. These modes of operation are necessary because advanced design
studies vary in scope (from simple vehicle analyses, to complex parametric
analyses, to complete system optimization) and starting point (from a
conceptual idea in a designer's mind to an existing three-view layout).

Figure C-3 depicts the three basic operational phases of ASAP:
aircraft balancing, aircraft sizing, and aircraft optimization and
initiation. The balancing phase determines takeoff gross weight and cost for
“fuel-balanced" aircraft which satisfy a user defined mission, or, determines
the mission segment value and cost for "mission balanced" aircraft which
satisfy a user defined takeoff gross weight. The sizing phase combines three
"balanced" aircraft which uses defined operational requirements (constraints
such as Vmax’ acceleration time, takeoff distance, etc.) to determine
characteristics of aircraft that satisfy both mission and operational require-
ments. Optimization incorporates logic designed to exercise elements from the
aircraft sizing phase to define the "optimum" configuration; initiation
includes a logic to allow ASAP to be run with very limited inputs (i.e., those
normally available in customer type specs, study spec, etc.). Formulation of
the program began in mid-1969; development and checkout of the individual
computer routines required for the "prototype" program (ASAP-1) was completed
in December 1969. ASAP-2, representing complete automation of the Analysis
phase, became operational in mid-1971. The optimization module became
operational in 1972, and the initiation module followed in 1973. ASAP
development is "open ended” allowing it to accept emerging disciplines and new
analysis techniques, and to accept data banks which extend its applicability
to a wider spectrum of vehicles.

c-2
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Vought uses ASAP to investigate interactions among configuration
design requirements, configuration variables and resource criteria.
Significant interaction effects are demonstrated by the influence of aircraft
geometry, engine cycle, avionics suite, weapon carriage mode, materials mix,
mission requirements, operational and performance requirements, wing loading
and thrust loading on aircraft weight, size, cost and effectiveness. Accuracy
has been validated by successful "after the fact" synthesis of real aircraft.
ASAP accelerates the design evaluation process, provides large quantities of
data for aircraft parameter selection at minimum cost, properly interfaces
technical functions among various engineering disciplines, and provides
automatic documentation of engineering decisions, analyses and results.

ASAP was selected by NAVAIR for installation on Navy computers and is
currently operational at DTNSROC.

COMPLETE SYNTHESIS MODE PARTIAL SYNTHESIS MODES
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Figure C-2. ASAP Flexibility Permits the User to Tailor
the Tool to the Problem
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APPENDIX D
DESCRIPTION OF THE OLSIM COMPUTER ROUTINE

0.1 OLSIM

OLSIM is a multi-purpose digital computer program which is used for
stability and control analysis and flight control system design analysis in
addition to off-line flight simulation. It provides a flexible framework and
standardized modules which facilitate the development of off-line aircraft
simulations. OLSIM runs under the control of VTOLTH, the main program, which
calls the proper modules for executing user-specified options. These options
include trim, stability derivative calculation, time history generation, and
various input-output options. Standardized modules include TRIM which has a
six DOF nonlinear trim capabilty, RUNGE which perfcrms 4th order Runge-Kutta
integration, and various table lookup and matrix computation routines. User
supplied aircraft specific modules include FORCES for calculating forces and
moments on the airplane, SYSEQS for control system equations and aircraft
kinematics, and DERIVS which perturbs the aircraft about trim to generate
stability derivatives.

The aerodynamic model programmed in OLSIM is a modified version of
the aerodynamic model described in reference Dl. It calculates aerodynamic
foce and moment coefficients using DATCOM-type relations for all angles of
attack and sideslip. To review the aerodynamic coefficients generated by this
model, a special wind tunnel option is included in OLSIM. This option
provides for the calculation of nondimensional aerodynamic coefficients as
functions of angle of attack and sideslip.

D.2 OLSIM PROGRAM MODULES
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D.2.1 The Main Program

VTOLTH is the main program module for OLSIM. It controls most of the
input and output and all the calculations of the program based upon sequences
of program options selected by the user from a group of twelve which are
currently available. These options provide for loading or reading data in the
COMMON array, specifying trim variables or variables for stability
derivativecalculations, directing a trim solution or a time history
calculation, storing a list of variables for input or output, directing wind
tunnel-type calculations with the aerodynamic model, and storing and printing
summaries of a series of trim solutions.

A D.2.2 The Aircraft-Specific Program Modules

The aircraft-specific program modules include DERIVS, ERROR, FORCES,
SYSEQS, LIFDRG, WTRUN.

0.2.2.1 FORCES

Subroutine FORCES calculates the forces and moments applied to a
VSTOL aircraft by aerodynamics, propulsion system, ram drag, Coriolis effects,
and reaction control system (RCS).

The FORCES aerodynamics model calcuates contributions for an aircraft
with three 1ifting surfaces - wing, horizontal stabilizing surface, and
vertical stabilizing surface - and a fuselage. Each lifting surface can have
trailing and leading edge flaps whose effects are modeled with changes in
Cm, C» and Cpy per unit flap and/or control surface deflection whose
effects are modeled with a change in angle of attack of the lifting surface
per unit control deflection. The FORCES propulsion system can have up to four

~e
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engines., Each engine has an inlet, thrust vectoring in two directions, and an
independent throttle control. The FORCES RCS can have up to ten individually
controlled jets located anywhere on the aircraft and oriented in any
direction. Each jet can be specified as demand or continuous bleed. FORCES
also models the RCS-propulsion system interactions appropriate to continuous
and demand bleeding. The FORCES ram drag model provides for changes in ram
drag magnitude, direction, and application point as functions of angles of
attack and sideslip, airspeed, inlet mass flow rate and aircraft rotation
rates. The FORCES Coriolis model provides for changes in forces and moments
as functions of mass flow rate through the engine ducts and aircraft rotation
rates.

D.2.2.2 SYSEQS

Subroutine SYSEQS contains the equations for the aircraft kinematics,
flight control system, actuation system and pseudo-piiot functions.

The aircraft kinematics in SYSEQS use direction cosines to orient
aircraft body axes to inertial space; this avoids the singularity at e = 90
deg. in the standard Euler rate equations. The Euler rate equations are
available and integrated in SYSEQS for application as required but are not fed
into the kinematics.

The programmed aircraft can be controlled via pitch and yaw thrust
deflection, thrust modulation, elevons which combine elevator and aileron
functions, rudder, leading edge wing flaps, trailing edge horizontal
stabilizer (canard) flaps, and RCS which will accept roll, pitch, yaw, side
force and normal force control commands.

D-3
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Subroutine SYSEQS has two sections of equations. One section,
entered by a call to SYSEQS, is used only for trim and derivative
calculations. The other section, entered by a call to DEQU, is used during
time history calculations and contains most of the differential equations in
the simulation. As may be inferred many of the control system statics and
control system/actuation interface equations are common to both sections while {
aircraft kinematics and control system and actuation system dynamics equations {
appear only in the DEQU section. '

0.2.2.3 DERIVS .

Subroutine DERIVS generates aircraft body axis stability derivatives

1 about trim. It is called automatically during the trim program option.
Changes in body axis forces and moments (X, Y, Z, L, M, N} are calculated for

unit changes in the following variables: body axis airspeed components

(“AS’ VaAS» wAS); body axis rotation rates {p, q, r); elevator; aileron;
rudder; wing leading edge flap; horizontal stabilizing surface (canard)
trailing edge flap; RCS roll, pitch, yaw, normal force, and side force
commands; thrust of each engine; pitch thrust deflection; and yaw thrust
deflection.

! D.2.2.4 ERROR

Subroutine ERROR contains sixteen equations which must be balanced to -
attain a six DOF trim solution. These equations include balances between
applied forces and linear accelerations, applied moments and angular
accelerations, inertial and body axis translation accelerations and rates, and
Euler angle rates and body axis rotation rates. ERROR also contains
user-selected logic for trimming with or without ambient winds. ERROR is
called only during trimming. To generate the data required for the sixteen B
trim balances ERROR calls FORCES and SYSEQS.
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0.2.2.5 LIFDRG

Subroutine LIFDRG contains the generalized equations for calculating
the Vift, drag, moment, and center of pressure shift of the aero 1ifting
surfaces. LIFDRG requires the surface angle of attack, leading and trailing
edge flap deflections, and a series of aero constants to perform these
calculations.

D.2.2.6 WIRUN

Subroutine WTRUN controls the application of the aerodynamic model
equations to generate wind tunnel-type data. Inputs for WIRUN specify the
type of independent variable sweep to be run, angle of attack (a) or sideslip
(8); initial and final angles in the sweep; and the incremental angle between
data points. At each data point, total and component {(due to wing, fuselage,
horizontal stabilizer, and vertical stabilizer) nondimensional stability axis
aero coefficients are calculated and printed out. Initial values may be
placed on any variables which appear in the aero model so that dynamic
derivatives and aero characteristics as functions of a and g8 can be

generated. For example, Cmq as a function of a might be generated as
follows: Run sweeps with pitch rate (q) equal 0.05 or 0.1 rad/sec then
calcuate

Cmla)

4,505 or } Cm(“),q,°=o.

(.05 0r.1) & ]
™

Cmém)=

e
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where
Cple))a, = A is the pitch moment coefficient at o with 9, = A

th = mean aerodynamic chord of the wing

VA = reference airspeed

0.2.3 Standard Program Modules

The standardized program modules include TRIM, RUNGE, BATAN2, SIMQ,
ATMOS, PCACT, and the table lookup and interpolation package.

The OLSIM plotting package is a standardized module which accesses
the CALCOMP plotting utilities.

D.2.3.1 TRIM

Subroutine TRIM controls the search for trim conditions. It has a
six degrees of freedom trim algorithm based on Newton's method of solving
systems of non-linear equations.
D.2.3.2 RUNGE

Subroutine RUNGE controls and applies a 4th order Runge-Kutta
algorithm for integration of differential equations during time history runs.

Entry point SETUP in RUNGE is called once at the beginning of a time history
to initialize all the integrators.

D-6
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D.2.3.3 BATAN2

BATAN2 is a function subroutine which determines the inverse tangent
of Y/X in the range -= < tan™) (Y/X) < = . It avoids the problems of
infinite or indeterminate operands when X = QO or X = Y = 0. BATAN2 is a user
specified subroutine whose application is demonstrated in the following
example:

ANGLE = BATAN2 (Y, X)
where ANGLE = tan~!(Y/X) in rad

D.2.3.4 SIMQ

Subroutine SIMQ solves a system of linear equations using a Gauss
elimination algorith, It is not a user specified module; it is called
automatically during trim calcuations.

0.2.3.5 ATMOS

Subroutine ATMOS provides air density, ambient temperature and
pressure, temperature and pressure ratios, and speed of sound as function of
pressure altitude for standard and tropical day conditions. The atmosphere
model is the U.S. Standard Atmosphere.

Input:

ALT = pressure altitude, ft

KATMOS = 1 for standard day, 2 for tropical day
OQutput:

RHO = air density, slugs/ft3

TAMB = ambient temprature, deg R
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PRESS = ambient pressure, 1b/ftZ
TRATIO = temperature ratio
PRATIO = pressure ratio

VSOUND = speed of sound, ft/sec

D.2.3.7 Table Lookup and Interpolation Package

The table lTookup and interpolation module contains seven subroutines;
STLU, DTLU, INTRP, INTRP2, INTRP4, SEARCH. STLU performs single table lookup
and interpolation to determine y = f(x) while DTLU performs double table
lookup and interpolation to determine z = f(x, y).
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